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| Iy D clin the true time of: MN W 
or Full Moon, in auy given go” and 
- month. of 1 the h Ys century.  _ 00 | 
1 Te le 1 en, 25 5's write 
out the mean time New Moon in 
January, Old Stile, for the giren year, 
with the mean Anoralies of the Sun 


42-1 


and Moon, and the Sun's mean diſtance 


from the aſcending Node of the Moon's 
orbit. If you want the time of Full 
Moon, add the half lunation, with its 
Anocmalies, &c. at the foot of Table III. 
(page 5), to the foreſaid numbers, if 
the New Moon taken out falls before 1 
the 1 5th of January; but if it falls 
after, ſubtract the half lunation, &c. 
3 the ſaid numbers; and write 
down the reſpectiye ſums or remainders. 
If you want to calculate for the Ney 
Stile, in any given year from A. D. 
1752 to 1800, take out the Mean 
New Moon with its Anomal | Ce 
from Table II. (page 4, 5) 
In theſe additions, or ſubtr Qions, 
remember that 60. minutes make 4 
degree, 


a 


degree, 30 degreet make a Gen, and 12 
figns make a circle. And that, when the 
number of ſigns you ſubtract from is 
leſs than the ber of ſigns to be ſub- 

tracted, add 1 2 ſigns to he leſſer num- 
ber; and then you will have a remain- 
der to ſet down. A  Jign is marked 
thus, a _— thus o, and a min ure 

tus 
When the required Naw or Full 

Moon is in any given month after Ja- 

nuary, add as many lunations from Ta- 
ble III. with their Anomalies, &c. to 
the numbers taken out for January, as 

the given month is after January; 
ſetting them in order below the Ja- 
nuary numbers: and theſe added to- 
gether will give the Mean time of New 
or Full Moon, with the Anomalies 
thereto belonging, for the month. de- 
fared. 5 

With the W of days added to- 

gether, enter Table VI. (page 9) un- 

der the given month; and againſt that 
number you have the day of New or 

Full Moon in the left hand column 


(under 
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(under Days) which you are to ſet be- 
fore the hours and minutes already found, ' | 


But, as will ſometimes happen, if 


the ſaid number of days falls ſhort of 
any in the column under the given 


month, add one lunation and its Ano- 


malies to the foreſaid ſums; and with ; 


this new number of days enter Table 


VI. under the given -month, where 
you are ſure to find it the ſecond tus 
if the firſt falls ſhort, 

Then, with the ſigns and laws. 
of the Sun's mean Anomaly, enter Ta- 
ble VII. (pag. 10) and therewith take 


out the fir/# Equation from mean to true 


— 


7 


Sy2zygy, making proportions in the | 


Table for the minutes of Anomaly 
above whole degrees, becauſe the Ta- 


bles give the Equations only to whole 
degrees. Subtract this Equation from 


the mean time of New or Full Moon, 


if the ſigns are at the head of the Ta- 8 


ble, in which caſe the degrees are in 
the left hand column and reckoned 
downward: but if the ſigns of Ano- 
my are at the foot of the Table, in 


which 
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which caſe the degrees t — are in 
the right hand column, and-reckoned 
pred, add the Equation to the above | 
found time of New or Full Moon. 
With the figns and degrees of the 
Sun's mean Anomaly enter Table VIII. 
and therewith take out the Zquation 
of the Moon's mean Anomaly ; and ap- 
ply that Equation to the Moon's mean 
Anomaly, ſubtracting it therefrom if 
the ſigns are at the head of the Table, 
and their degrees at the left hand; but 
adding it to the mean Anomaly of the 
Moon, if the ſigns of the ras s AnO- 
maly be at the foot of the Table, and 
their degrees at the right hand; and 
will have the Moon” 8 equated 
Anomaly; with which enter Table 
IX. and take out the Equation anſwer- 
ing thereto, adding it to the former 
equated time, if the ſigns are at the 
head of the Table, ie ſubtracting it 
therefrom, if they are at the foot; and 
the reſult will give the true time of the 
required New or Full Moon, near 


enough for-any common Almanack. 
7 | 57 5 1 he 


- — g I 
» = 
— _ K — 
A ct ee et ²˙ . ² A n ˙ EY. TITUS 
— ——— ren — —— i a — 
1 .- 

4: 0 
4 . * 
.7 


k + h 
1 0 — 5 - 
- 10 Pa — — Se — — — — — O 7 
— — — — - - — gt 
- 
K.... 7 RS . . ̃ i. . —˙Ü . 
— —— m2 nn * — 


— — 
nd Ps ov — 
m n 
2. *%. — OO ——ů „ ͤ — 


—̃ — . q [[ 


The Tables begin the day at Noon, | 
and reckon! the hours and * minutes 
thence forward to the noon of the 
following day. They give the riglit 
time in all the months of common 
years, and in all the months after Fe- 
bruary in Leap years. But in Janu- 
ary and February, in Leap years, a day 
muſt be added to the time 58 55 | 
the Tables. T PIT OTIS 


* Y „ 1 


3» MS, 


BA E 


For the tr rue - of 1 F. mull ; Moon. v.57 | March | 
T: 1 764, New Sale. | | 


CCC 


| By the | Www J. Sun's . [ons * 
Precepts. Moon. Anom. | Anm. 


= 7 * '$ 3 1 L 1 8 7 © > : | * 
f | ER D. f, M. | jo, 0 A 8. 0 | 18. | 


To Jan. 1764] 2 7 25 6 4 2 8 215 
| add 1 Lun, 14 18 22] 0 14 33] 6 12 54 
2 Lunations, 59 28] 1 28 13] 1 21 38 
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"By this ſhort proceſs it appears, that 10 
the "ng time of the required Full 
Moon was the 17th of March, at 11 
minutes paſt 12 o'clock at night. A 


few more. examples will make he whole 
matter 40x 


Krane II. „ 


For the true time of New Moon in April, 
I 764, New Stile. 


e mne New "Suns | Moon's | Sun from . 
| Preceptss | Ion. Anom. | Ariom. | Node 


1 hal <tr 


. D. H. M. 8. S. pH 
* Ul 75 ; 4222471 
= March | 47 21 37 9 1 mo Fad 55 
— ee ee eee +1. 35 


; 1 b 5 | : N | 
t 1.44) | 11 10 59 
| Sec. Eu. —3 25} |: 


ore Hide. 17 22 2, FFF 


F his 3 the true TICS is bed *t 


22 hours, 23 minutes, after the noon. 
of the 41ft of March; which is the 1ſt 
of April at 23 minutes _ X in the 


morning. 
H. 7. 


„ 


ate the nus ting of New | | 
or Kl Moon, in any given year and 
month, of any century, between the 
Clriftian Era and the 1 8h Gen * 
9. Old Shi. g 


1 Table! T. find a year in the 48th | 
Century, of the ſame number with that 
in the Century propoſed, and take out 
the numbers belonging thereto as in 
the preceding Examples. Then, from 

Table IV. take out the numbers an- 
ſwering to the number of Centuries 
before the 1 8th, ſubtracting them from 
thoſe of the 1 8th, and ſetting down 
the remainder. : 
To this remainder j join che TY 
for as many Centuries, from Table V. 
ſubtracting thoſe for the New Moon, 
and Sun's diſtance from the Node, from 
the ſaid remainder, and adding thoſe 
for the- Moon's Anomaly to it ; and the 
reſult will give the mean time of New 
Moon in January, the year of the Cen- 
fury propoſed : which being found, 


2 work, 


b 


work, in all reſpects, for the t true ar | 
of New or Full Moon 1 in January or 
any other month of that Jay 4 as al- 


8 ready ſhewn. 3 5 


M. B. If the * * to fa | 
Centuries taken out from Table IV. 
exceed the number of days from the 
beginning of January, taken out in 

the 18th Century, add a Lunation 
and its Anomalies, &c. from Table 
HI. to thoſe taken out from the 1 8th 

Century ; and then yorr con make a 
ſubtraction. 2 „ 


In IN calculations for New or Full | 
Moon, either before or after the 18 th 
Century, the variation numbers anſwer- 
ing to the Centuries in Table V. muſt 
be ſubtracted from the mean time of 
New Moon, and from the Sun's mean 
diſtance from the Node; and added 
to the Moon's mean Anomaly, as found 
for the given time, * the preceding 
Tabs, "SY 5 


* 


2: A 
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From 4. D. 1737 ſubtract rg 
turies (vis. 1 500 years) and there will 
remain 237. 


7 * | New 
| Precepts. | 


] 


| 


Ian. 1737 19 14 58 
— io Years | 5 23 44 
Remains 1 13 15 14 
Var. 1500 VJ. } —1 34 

Inf 4 


Jan. A. D. 23713 13 40 
+ 3 Lun. . 88 14 12 


| April "112 3 52 
FEFirſt Equ. ' +3 13 
| 


74 
| Sec. Equ. —4 10 


{ 


Ive time 12 . | 


bh 


| Hence, the true time required is 
April 1 2, at 55 minutes oy Il in the 
Alfter noon. 1 5 
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III. To n the true time of New 1 
or Full Moon in amy groen year and 
month before the Ghriſtian * 55 
Old Stile. b | 


Find a year in the 18th 1 
Old Stile, which being added to the 
given number of years before Chriſt, 
diminiſhed by one, ſhall make a com- 
pleat number of Centuries. 
Find this number of Centuries in 2 5 
ble IV. and ſubtract the numbers belong 
ing to them from thoſe for January, in 
the x8th Century; and to the remain- 
ders join the variations for the like num- 
ber of Centuries from Table V. and 
then proceed, as above taught, in „ 
plying the Equations to gain the tre 
time required. 
The Moon's motion in "Fon Orbit 
being now quicker than it was in for- 
mer ages, is the reaſon for our giving 
the fifth Table, n. to her ac- 
celerations. | 


EXAMPLE 


Fr. 6 true time 8 
Ola Stile, the year before Giri 38 . 


The years 584, added to 1726, 


make 2300 years, or 20 
Centuries. . 
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+ ky 3 * * 2 We 


Ex- PLE W. 


. Chr, 8 
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May 1 


Firſt Equ. 


Tr. time May 


So the true time was May 28th, at 
46 minutes paſt 1 o'clock in the Af. 
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IV. To . true time m New 
or Full Moon in any year and month 
after the 18th TEA in the old 5 
: Stile. 

Find a year of the ſame number in 
the 18th Century with that of the 
Gentury propoſed, and take out the 


New Moon and Anomalies for Janu- 


ary, from Table I. for the ſaid year in 
the 18th Century: then from Table 
IV. take out the numbers for the Cen- 
turies after the 18th, adding them to 
thoſe of the 18th; to which join the 
Centurial variations, and then proceed 


ſor the true time of New or Full Moon - 
as ſhewn i in the former Precepts. 75 


"Ou 2 A 


{i FEF F 
t 112 4 


8 8 od lin = 3 
To K. D. 1703 add. years, and 
the ſum will be be A. D. 1903. 1 40 


þ 0 2 
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Tr. time, a 


Thus the true time is oor to 15 
April 28th, at 1 0 clock in the Af. 
ternoon. 
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In ere forward from A. 1 7 
8 the eaſieſt 1 way is to keep by the 
Old Stile, and then — it te the 


New, by adding the days difference 
of Stiles, which will be 12, fm As 
P. 1800 to 1900. 

If the Old and New Stiles. had E ex- 
iſted from the beginning, there would 
have been no difference 3 them 
in A. D. 200. But from that time 
forward there would to the end of the 

world. And, in order to find always 
bow many days (from the 200th year 
after Chriſt's birth) muſt be TING to 
the Old Stile to reduce i it to the New, 
in any given century, obſerve the fol- 
lowin g rule. 
| Divide the number of the given "ran 
zury by 4, and (without regarding. the, 
remainder, when there is any) add 3 to; 
the quotient ; then ſubira&t the ſum 
from the number of the century, and 
the remainder will be che number of « days 
\fought © 
Thus, for the 18th Century : which 


began! with A. D. 17 701, and will end 
1 2 DM” 
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| * mi rei 1 We is Si which 
make es'7 3 ones rd ſian, + ſub⸗ 


. for the mY c which * 


will begin with A. D. 1801, and end 


with A. D. 1900, a fourth part of 19 

(without regarding fractions) is 4, which 
| being added to . makes 7 and 7 be- 
ing fubtracted from 19, leaves 12 re- 
maining ſor the number of days that 
muſt be added to the Old Stile to re- 


duce it to > the New, from A. D. r800 ; 


to 1900 and fo on. „ 
N den it appears, by ſuch 720 the 
foregoing calculations of New and Full 


Moons, that the Sun's diſtance from 


Orbit is leſs than o Signs 18 degrees, 
or more than 5 Signs 1 2 degrees, ſo 


as not to exceed 6 Signs 18 degrees; | 


or when it is more than 11 Signs 12 


Sun will be eclipſed at that time. And 


— _ ,_ 


"4 
* * 4 
ms. tC 8 * 


the [Aſcending ] Node of the Moon's 


grees, at the time of New Moon, the 


when the Sun cave from the Node 
is leſs than o Signs 12 degrees, or any 
thing between 5 Signs 18 degrees, and 
6 Signs 12 degrees; or more than 11 
Signs 18 degrees, at the time of Full 
Moon, the Moon will be eclipſed 
at that time, On theſe principles it 
appears that there muſt be Eclipſes at 
the times mentioned in all the preced- 3 
ing Examples except the laſt. The 
_ reaſon of this is, that the Deſcending 3 
Node of the Moon's Orbit is directly | 
oppoſitè to the Aſcending; that is, 
they are juſt 6 Signs from each other. 
And when the Sun is within 18 degrees | 
of either of the Nodes at the time of 
New Moon, the Sun will be eclipſed 
at that time. And when the Sun is 
within 12 degrees of either of the 
Nodes at the time of Full Moon, the 
Moon will then be eclipſed. U 
| Becauſe moſt people are ſatisfied 
with. knowing on what days of the 
months the Moon is New and Full, 
without regarding the time of the day, 


I ſhall here give a Table of all the 
Om" 


29 J | 2 8 : 


f days of the Bak on which the mean 
change of the Moon fall, from A. D. 
1752 to 1800, in the New Stile. The 
day s of Full Moons are then eaſily 
ans for when the Change happens 
before the 1 5th day of the month, 1 5 
days added to the day of change, will 
give the day of full Moon ; and when 
the Change is after the i 5th day of the 
month, 15 days ſubtracted therefrom _ 
will give the day of Full Moon. 
Within the above limits, the day of 
any month on which the Moon chang- 
eth, in any given year, is found under 
that month, and right againſt the year. 
Thus, ſuppoſe it was required to find 
on what day of March the Change hap- 
pens in A. D. 1767: under March at 
the head of the Table, and againſt 1767 
at the left hand is 30; the * of 
the Change required. 
Where the figures are double, as 5 | 
or , againſt any year, and under any 
month; they ſhew that the Moon 
changes on the 1ſt day of that month, 


and alſo on the zoth or 31it thereof. 
1 Ti _—_ : 


months the mean Changes of the Moon 
Fall, from A. D. 1752, 10 A. D. 
1800. Mew Stile. N 
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"This Table begins the — — 
night, which is according to 


kohing. 2 
mon ke of rec 
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032 3 


| Look for the given year i in the left 
hand column, and againſt it under the 
given month you have the __ of mean 
New Moon i in that month, 


Ep ERA} Roo 


wah the carer and times of Ect; phe. 


An Eclip 4 of the Sun 1s PIs by 


PPP 


„ 


the 1 opaque body paſſing be- 


tween the Sun and thoſe parts of the 
earth from which ſhe hides the whole 


or part of the Sun: and this can never 


happen but at the time of New Moon. 


An Eclipſe of the Moon is cauſed 
by the whole or part of her body 


paſſing through the earth's ſhadow : ' 


which can never happen but when the 
Moon is full. 

If the Moon's Orbit lay in the bine 
of the Ecliptic (in which the Earth al- 


ways moves, and the Sun appears to 


f 
| | 
i 
\ 


move) the Sun would be eclipſed at 
the time of every New Moon ; and the 
Moon would be eclipſed at the time of 


every Full. 
But 


But one half 5 h. k ana 8 Ol chit 
| lies on the North fide of the Ediptic, 
and the other half on the South fide 
of i. Therefore the Moon' 8 Orbit L 


hee 


poſite points, N are - ited: the 
Moons Nodes; and the angle which 
the - Moon's Orbit makes with the 
Ecliptic is 5 18. The interſection 
from which the Moon aſcends North- 
ward from the Ecliptic is called the 
| Moon's Aſcending Mode; and the op- 
poſite interſection, from which the 
Moon deſcends Southward from the 
Ecliptic is called the Moons De/cending 
Mode. Theſe Nodes move backward 
in the Ecliptic 19% degrees every year, 
from the conſequent toward the ante- 
cedent ſigns, and therefore they go 
quite round. the Ecliptic, in 18 years, 
225 days, and 5 hours. 
From the time of the Sun's being 
in conjunction with either of the Moon's 
Nodes, to the time of his being i in con- 
junction with the other, is about 1732 


days, at a mean rate; within which 
FF. 5 number 
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Bönder of days the Betiples muſl * 
Weh happen, in different times of the 

The days of theſe Conjunittions are 

rn; in the GT 0 Table from A. D. 


* 


\ -- Mean 8 of the Tun and Nodes. 33 
' Ye rs Alc. 2 Deſc. . Deſc. 12 
ea *} Node. | Node. | 5 


} | Mou. D. Mon. D. 


and when — 3 is lt een I 2 
days before or after the day of the Sun's 
conjunction with either of the Nodes, 
the Moon will be eclipſed. At greater 
diſtances of the Sun from the Nodes, 
there can be no Eclipſes of aſe Lumi- 
"ths the Table contained on page 30 
and 31 ſhews the days on which the 

mean chang of the Moon happen, 
and the Moon is always full on the 1 «th 
day before or after the change; and 
the Table on page 34 ſhews the days 
on which the Sun is in conjunction 
with the Moon's Nodes; we may ea- 
fily find by theſe Tables on what days 
- _ given year from A. D. 175 2 to 
1800, the Sun and Moon muſt be 
eclipſed. As, for example. | 

In the year 1766, the Sun is in 
conjunction with the Moon's Aſcending 
Node on the 18th of February, and 
i © with 
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with the Defending Node on che 2 1 


Toth of Auguſt. Now, I find by the 


Table, page 30, and 31, that in the year 
1766, the changes of the Moon are on 
Jan. 11, Feb. 9, March 11, April 9. 
May 9, June 7, July 7, Aug. 5, Sept. - 
Oc. 3, Nov. 2, Dec; 1 and it; 
and conſequently, as the change on 
Feb. gth is within 18 days of Feb. 
18th when the Sun is in conjunction 
with the Aſcending Node, the Sun 
muſt be eclipſed at the time of that 
change. And as the change on Auguſt 
is within 18 days of Auguſt 10, 
when the Sun is in conjunction with 
the Deſcending Node of the Moon's 
Orbit, the Sun muſt be eclipſed at the 
time of that change alſo. But as all 
the other changes of the Moon in that 
year arc more than 18 days from the 
times of the conjunction of the Sun 
and Nodes, there can be no more than 
the two abovementioned Eclipſes of 


the Sun in the year 1766. 


By adding 15 days to all the chan- 
ges of the Moon, in the fame year, 
„ 


\ 


ue find the days of all oh Full Moons + 

to be Jan. 26, Feb. 24, March 26, 
April 24, "oy 24, June 22, July 22, 
Auguſt 20, Sept. 19, Oct. 18, Nor. 
17, and Dec. 16. But of all theſe 
Ful Moons, there are only two which 
happen within 12 days of the conjunc- 
tions of the Sun and Nodes; vis. thoſe 
7 the 24th of February and -2oth of 


ſt: and therefore, it is only on 


| 62 dee two days of the year en that 


the Moon can be eclipſed. ö 
And thus we have a very plain and 

: eaſy method for finding how many 
Eclipſes there .muſt be of the Sun and 
| Moo | in any given year, and the nf 
on which they muſt fall, according to 

the mean 18 of New and Full 
Moons, from A. D. 1752 to A. D. 
1800. But to ſhew how to calculate. 

the true times and places of Eclipſes 

for different parts of the earth, would 


| _ ſwell out this volume far beyond the 


Intended bulk : and therefore, for ſuch 
calculations and projections, I beg leave 


to refer-the curious reader to my yore 
of 


\ 


# 


Bookſeller 1 in the Strand, 
bes OW. ra of: Mr. Cadell, ſucce 
op oppoſite 


'thetine Rreet in the Stand. 


true place in the Ecliptic, and his dai“. 
4 nation from the Equator, at the nun 
every day of the ſecond year after. 


year, on the meridian of Greerwich, | Z 


The figns of the Ecliptic are marked 1 W 
the Table elle, 8 5 
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Arie: Y, . 8. Gemini x, Conctt S. La. Ke. 
vi irgo Wh, Libra , Scorpio m. Sagittarius 45 , Capri 0 
cornus s n Fae aw Hin *. : „ 


A Table of the gun 8 _ Declination . 
is very uſeful for finding the Latitudes 
bol places on the Earth. And as the 
| method of doing this by the Declination _ 
bol the Sun is — known, we havre 
given the following Table for that pu- 
poſe, to the neareſt mean bet — 
year, and the firſt, ſecond, „ and thi 
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length by twe, and the quotient will 
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the plane of the declining dial. T hem 
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ape. tee, are as follows; 
| 12 4 nn 264; the number ah Leith! in 
which A and B will come to their nent 
conjunction, after their 128 —_— out * 


together. 


. 


—== 220; a os: 2 — in 


which B and 2 will come to their next 
conjunction, after their firſt eng out 
together. Ba 333 
1803 nber of boats in . 
which C and D will come to their next 
conjunction, after their firſt n out 
| me: - 8 | 
— = 144; the number a 1880 in 
which D and E will come to their 
next conjunction, after their firſt ova 155 
out together. And, 8 


L=112; the number of hours 5 by 
which E and F will came to their next 


conjunction, 1 


111 441 57855 


(of 


to 1 320 N 
A, B, and Opt WII 
conjur 
together. And „ DEM 

1320 hours {the aunt of: A, 


B, and C) tniltiplied by 3, is equal to 
180 hours or = multiplied by 223 
equal to 3960 To ours, for the time of 
the next conjunction of A. B, C, and 
D, after their ficſt ſetting o out together. 


_ jours (the Conjun | Qion « 


— 


to 144 hou rs mi ſriplied”b b 


4 FS 1 OM Fü 


pF Sid & 3 » %,#*" # 
dt 


A ). equa to. 7920; | 
of the next co hy conjung 


D, ' multiphed LE 2, Fo 


f 


NE ER ONE” 
8 


gether Ak et fl 9 
100 792⁰ hours {che laſt mentioned ons 


412 . {checonjund Tic 5 10 ) E. _— : 
or C multiplied by 495 1 equal to 


55440 hours, the Baſe in which all 
che fix bande, . B, C P, E, and F, 
will be in conjunctio 
inſtant of their firſt ſetting out to- 
5 gether, from a conjunction at any 
given point of the dial- plate, and all 
moving round the lame: Was in the . 
times above mentioned. 5 
Now, as it will requite. 3 a u one 
for 2310 days) to bring all theſe hands 
together again, after their firſt ſetting . 
out together; divide 55440 hours by 
the number of hours in Which ck 
hand = round, ad the . 


1 


d = fo many more e ot c 
nd, they wilt all be in Lon rug 


ain and fo on nn. 


| : © 


ain, * che 


wh. 


03 Sage 


e 2 Jy 4 1 


a 5 
; iv abs PET 729 2 
rsd c ted od Fur 
"2241 8K & #. "Fr , 2 * 
1 c of 2 2 — — 2 2 a7 irmga 


| etc ing giver and ing 
1 a e ep a" at. 1 Ws 


Ce ln ad"): 


4 * 


17 e "4 


8 


7 e 


of 


2 i thennibieslimalie Univerſity: of 
the year 1758. 5 oil 


* A 5 


ren . Fo 
, 14 


. ů— ſ—„— 5% 2 : Winne 
9 
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Let a. Far , „ J, be reſpectiv Y 
e periodical: times or revo 
utions of the fix planets. about the 
ms 5,6 being; the longeſt, or Saturn's 
period; & th next. longeſt, or Jupiter's; 
ER gert or Mars's; d the next, or 
the , Earth'sg' e the next, or Venus's.; 

and f the e period K all, which 
is Mercury s: and — Pr gp; rp; irgp, 


&c. be equal to the difference or time 


. 
tis 


ppl, yp th 


„ 


between the ſucceeding conjunctions of 


an two, three, four, &c. of them. 
6 Tis 


8 8 8 a 0 5 : 5 - "8 

we * Wd 7 ar 4 q ** 2 * 2 5 
Te 8 T dC AN ES 
ws "TS." * IL » { 2 en RR * 


"Tis evident that 75 r, 5 0 the multi pliers , 
muſt be whole numbers, . the 
numbers of oonju nctions are ſo. 3 


1 The ti me between the 


e 5 et X71 by 


x L 
OY 


WIN 


ed denominator, q will be equal to 


45 
. 


the numerator of that eder In 


the ſame manner, 7 will be equal to 


the numerator of the fraction 0 77 
reduced to its loweſt denominator :*5will 
be equal to the numerator of chef 
tion = reduced to its loweſt de. 
nominator; and ſo on, from the {lowel 8 


to the quickeſt revolving bodies in t t 8 
ſyſtem: by which means, the times © 
all their conj junctions may be found, | x 


» 


B \ =; 49> 


3 


. * 


i 


jp EN om two integer gumbers 
Time to each other; which being re- 


4 


* 


. ſpetively 


* 


% 


* a PO Ns will therefore be in con- 
JunRi — 


. 


0 pectively multiplied f into - 24 and 8 RT 
ſhall make the two products equal. 
And theſe two numbers are ag dif. 


covered ; for, as by ſuppoſition, 25 25 is 


1. ab 


3 | . a 
Reduce doe} A and 2 2 into in- 


tegers of the leaſt dimenſions, which ſhall 
have the ſame proportion to each other 
as theſe numbers have; and you \ will 
have the multipliers = and , and con- 
| ſequently the {ynodical period or con- 

junction of A, B, and C; which we 
ſhall call R. In the ſame manner may. 
the ſynodical period of C, D, and E, 
be inveſtigated, Which call. #4 then 


find two prime numbers 7 and s in their 
loweſt dimenſions, which ſhall have the 


equal to =, therefore, n. 


ſame proportion to each other as the 1 


times R and 5; then will 78, or its 


equal Sr, give the ſynodical period, 5 


| Sha of the five planets, A, B, 
C, D, and E, which characterize by 
7. Find laſtly, the ſynodical period 


of E and V, by the rule £ = which de- 


note by . and che leaft N num- , 
bers 


rs Z *, in th 


propertian to 


A or xT will be the ſynodical period, 


or. conjunction, of the fix primary pla- 
nets, A, B, C, D, E, F; or the time 
that muſt clapſe between any conjunc- 
tion of them all, and the next ſucceed- 


ing conjunction. Which time, being 
divided by the time of the periodical 


revolution of each planet, will ſhew 


how many revolutions cach Planet has 
then ——_— 

There are ſeveral ways of Gunkins the 
above-mentioned prime integer numbers 


or multipliers; - but the 1 is very 


convenient and eaſy, 


Let; and? be two of the ace | 
Multiply the denominator of the firſt 


into the numerator of the ſecond, and 


vice verſd; then ſtrike out both the 


denominators, by which proceſs the 
above fractions become ad and gc; 
which numbers are in the ſame pro- 


5 portion as the fractions; and, if they 


are prime to each other, are the num 


bers * ired. But if _ are not 
Ss F 


cy other as 7 a ＋ . found, 


* 
Ws * rw 
. * 


2 OY 1 
| prime, 8 pa by. Py a 


common diviſor, in m— to reduce 
them to their loweſt denomination. 185 
Ihe reaſon why theſe numbers muſt 
be prime integers is plain: for, if they 
were not ſo, we ſhould not have the 
ſynodic period required, but ſome mul - 
tiple of it: and if they were not inte- 
gers, we ſhould not have exact multi- 
ples of the lower ſynodic periods from 
which we deduce the higher. 
- To facilitate calculations which may 
A made on theſe principles, I ſhall 
ſubjoin the following Table, whichſhews 
the annual periods of the primary pla- 
nets, reduced to hours; and their * 
nodical periods, taken two by two pro- 
oreflively. But although the ſynodical 
periods of the planets, taken two by 
two, 1s fo ſhort, it muſt nat be ima- 
gined that the ſynodical periods of three 
planets muſt be proportionably fo too. 
The ſynodic period of the Earth and 
Venus (by the Table) is x year, 218 
days, 17 hours; ; and that of Venus 
and Mercury s 144 days, 12 hours; 


Two). 


but hi 69 od period or theſe three 
planets is u pwards. of 5 500 years. 
If the periods of three planets be ſo 
incommenſurate, how . more ſo 
muſt be the periods of the fix revolving 
primaries of our ſyſtem ? ' Indeed we 
here cannot but ſee and admire the 
wiſdom and providence of the SurzzMe 
 BzxinG| For, had the times of the an- 
nual revolutions of the ſeveral planets 
been more commenſurate, the preſent 


2 


arrangementof our ſyſtem would doubt- / 4 


leſs have been greatly diſturbed by the 
conſpiring attraction of the ſix bodies, 
when they happened to be in conjunc- 
tion; an arrangement, which, from 
the goodneſs of the Almighty, we muſt 
conclude to be, in its preſent ſtate, the 
beft adapted to anſwer the PER for 
which the iy ſtem was created. 


Names of the Their periodical 3 
Planets. reduced to hours. 
Saturn — 2582295) 4 
Jupiter 103980 ' = 5 
Mars —— 16487 2 L 
Earth ——— 8766 = 4 
Venus: 53393 = & 
Mercur 2111 = f 


Their 


er 


a „ : . 
) Wo. 8 
- > 7 7 1 

Ky] —_— . 

* „ 6 ; 

ir (400 li f perio 5 or dude ien. 8 
- 3 . > 8 3 2 * * * "2. J 7 

3 „ 8: 2-5 . 15 TEX ws CE: 
« A - * 7 og 4 9 * : 4 * = $4144 G *..4 5 4 4 K ; 
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each yo 
1 N Wn 
Jupiter 3 19 mY 10=174076= = TE 


* NN 2 85 21= 19593=2< 


the Earth Sh ; 149 955 N oa q = b 
Earth and r 
| venus nd 0 144 12= « n= 147 

Mercury | 


: To Maler the uſe of this: Table, 


e 
\ ” 3 


Jet it be required to find the ſnodical 2 


period or ng: of the Earth, 
Venus, and Mercury. 
That of the Earth and Venus 1401 5 


hours, = * =; and that of Venus and 
Mercury is 3468 hours, = F 
Therefore, from what has been a 
ready laid down (ſee page 14.5) the ſy- 
nodical period of the three planets 
will be when u x 14015 is equal to 
21x 3468; or when m: :: 3468: 14015; 
mn and 7: being the leaſt integer numbers 
in the proportion of 3468 to 14015. 


But theſe numbers being . and 
| in 


ſa ame nature 


— 


familiar? at 
to confirm 


ifferent times, about , the 


& A 12 a — 


common center. 1 


4 KH Mg, 
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a? 3 Ih n . 8 n e 
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our. of. XII. a required : 20 
22 they: will bein con junftion . 


the perioc ical revo- 
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ene ee 60 minutes, — bm ant 
that of the ſecond-hand = =T: minute te, 4 
="c: from ' whence we collect <2, 

18 min, Ee min, for the Nc 

dical period or con junction of the hour 


and minute hands; and 2 5 for che. 


ſynodical period of the minute and ſe. 
3 hands. Then, to find the ſyno- 
dical period of all the three hands, we 
muſt (as in the above Problem) ſuppoſe” | 


ES =? 5 from whence we have 
„. 2. Now, the leaſt i integ er 
numbers, repreſented by n and 5 in 


the proportion of 5 to r are 1 1 and 
708. Therefore 11: ud: 85 1825 and . 


conſequent! LEI (= 7085 X = the 
ſynodical e 3 the thro: hands of 
the Clock; = 720 minutes, or Juſt 12 
hours. 3 

The periodical e 5 che n 
Ne. Moon round the Ecliptic, | and 
their ſynodical periods or conjunctions 
with each other, may be familiarly re- 
Fel by the motions of the hour 


and 5 


2 
£5 
x 
* 


C 3 1 ” * - * L 1 4 o + 2.0 >; I . * 
5 . N ; * * 6 , 
: { : ops "941 * 5 
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goes round in 12 hours, as the Sun 


does in 12 montlis, and the minute 
hand goes round in 1 hour, as the Moon 
does in (ſome what leſs than) a month. 


ſoon is never in conjunc- 


And, as the 


tion with the Sun in that point of the 
Junction before; ſo the minute - hand + 
never is in conjunction with the hour- 


hand at that point of the Dial- plate 


where it was at the laſt preceding con- I 


junction. So that, the x2 hours on the 


Dial-plate may repreſent the x2 ſigns | 
of the Ecliptic; the hour- hand the Sun, 


the motion of the minute -hand is too 


that of the hour- hand compared with 


the motion of the Sun. For; in the 


time of the Sun's going round the 


Ecliptic, which is 12 calendar months, 


chere are 12.36 conjunctions of the 


— 


and miriute hands of a watch, ro nd 
its Dial - plate. For, the Dial-plate is 
divided into 12 hours, as the: Ecliptic 
is divided into 12 figns ; the lour- hand 


flow for the Moon in proportion to 


Sun 


8 ] 

gun and Moon; but in the . "= 
hour-hand goes round the n | 

the minute-hand is PIT: : 
joined with it. 

Theſe hands are always inc n 
at XII o'clock. The firſt . 
the Table ſhews the number of iheir 
conjunctiens in 12 hours, and the eobb 
lateral lines ſhew in he many hours 
minutes, &c. aſter XII, thi come to | 
their ſucceeding comunctioms marked = 

in the firft column; the time berweew 
any conju nction and _ next 
1 hour, 3 8 minutes. . 


* > 2 ney 


IB 


2 


r | 
S. Hou. m. 11 111 ry. V vu vit vin. TY rn 
1 3 
1 5 27 16 21 49 5 27 16 27 40 E 
2| Il 10 54 32 43 38 10 54 32 4 43 30 
3| III 16 21 49 5 27 16 I 49 5 32 5 
4 IIII 21 49 5 27 16 27 49 5 27 10 
5 V 27 16 21 49 5 27 16 41 49 6 5 
6 VI 32 43 38 10 54 32 43 38 10 54 
27 I 38 10 54 32 43 38 10 54 32 43x. 
8 VIII 43 38 10 54 32 43 38 ro 54 324% 
IX 49. 5 27 16 21 49 5 27 2 
10 X 54 32, 43 38 10 54 32 43 38 10 
1 [XII „ 0 0 oO © Y 


# 3 


ita] 
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If the Tha proceſs was a 0n40 infinity, i in the botizon 
lines, the numbers would circulate at every Gxth column: 
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[s 
To reprefent the e of f upiter” «four 
Satellites round” Jupiter, in à clock; 
and ſbew the gt Aion 1 in 
5 F 3 
r 
-On fra bwllow ln: ep) thai Fo 
four: bent wires of different” lengths, to 
carry the Satellites round Jupiter, as 
the arbors are turned round within one 
another; and let Jupiter be fixed on 
the top of a ſolidd axis or ſpindle, on 
which all the arbors are turned round; 
the wires being ſo bent, as that the . 
Satellites, on: their tops, may be of the 
ſame height with Fupiter's ball. The 


diameters of the Satellites ſ ſhould not be 


above a ſixth or ſeventh part of the 
diameter of Jupiter; and, to be at 
their proper diſtances from him, the 


be 35 ſemidiameters of Jupiter from 

his center; the ſecond Satellite, q ſe- 
midiameters of Jupiter diſtant from his 
center; the hires x4: ſemidiameters; 
and the fourth, 2 57 of his ſemidiame- 


ters from his center. | 
TX 2 Let 


diſtance of the neareſt Satellite ſhould 


186 15 


Let four =o of different. ſizes, 
Zr different numbers of teeth, be fr 
upon the lower end of the abovemen- 
tioned arbors, in a conical manner, as 
deſcribed in the former machine (pag. 
129); the wheel on the ſmalleſt arbor, 
that carries the firſt Satellite, having 22 
teeth; the wheel on the next arbor, 
that carries the ſecond: Satellite, 33 
teeth; the next bigger wheel on the 
"Wig that carries the third Satellite, 
43 tecth; and the largeſt wheel of all, 
on the arbor that carries the fourth (or 
outermoſt. Satellite), 67: the biggeſt 
wheel being the uppermoſt, and- the 
ſmalleſt the ; frame.” x 

"Theſe four. wheels muſt be turned by 
* four, all fixt on a ſolid axis, in an 
inverted conical manner, with refpe& 
to the former wheels on the hollow, 
arbors; and then, all the four on the 
ſolid axis will be turned round in one 
and the ſame time. 

The ſmalleſt wheel (or 8 
one) on this axis, * have 28 a 

| An 


t 1 
— heel of 67 wet, which 
_ carries the fourth Satellite. 5 
The next wheel on the wa 105 
inked! 42 teeth; and turn the wheel ol 
43 teeth, which carries een a” 
tellite. Ln NI I #84. - 4.0 hg 
The next A kad - below, on 
che axis, muſt have 65 teeth; and 
turn the wheel of 33 teeth | which car- 
ries the ſecond Satellite. And, 
The lowermoſt, and biggeſt aka 
on the axis, muſt have 87 teeth; and 
turn the. wheel of 22, which carries | 
the Grſt Satellite. Then, 7x67 
If the clock turns the ſolid a axis 0 
all its wheels round in 7 days, the firſt 
Satellite will be carried round Jupiter 
in x day, 18 hours, 28 minutes, 57 
ſeconds; the ſecond Satellite, in 3 days, 
13 hours, I 7 minutes, 46 ſeconds; the 
third, in 7 days, 3 hours, 59 minutes, 
54 ſeconds; and the fourth Satellite in 
16 days, 18 hours, o minutes, o ſeconds; 
which agrees ſo nearly with their re- 
volutions in the heavens, as not to differ 
ſenſibly, in a long time, from them. 


8 — 
3 


d And Gen, 7 2 pi d of black wood 
£ turned, a little — in its hape; 
having its eee 8 
— of Jupiter is lang, and be 
made hallo te fix on the back of Ju- = 


the Satellites t pals. through: it will 
tepreſent Jupiter s fhadou; 2 when 
the Satellites are in the notrhas, it will 
thew them to be eclinſed. 
The times of the — « ithe 
batellites of Jupiter into his. ſhadow, 
er af their emerſions from it, may be 
ad from 7/hize's. Ephemeris every year; 
and if the gatellites are once put juſt 
entering into the notches for the im- 
merſions, or juft leaving i it for the emer- 
Tons, at the proper times by the clock; 
they will keep right to the times thereof 
for more than a year afterward, without 
needing any new adjuftment. And, 
in order that they may be fo ſet, without 
affecting the wheels that move them, 
their wires ſhould be fixed into round 
collars, which go moderately tight on 
the 8 of che four hollow _— ſo 


as 


piter, and have notches cut in. it for 


mar Si 
— age of i —— 


at any time 


be moved," 


I 
All Aa denbes ofa! if the 
whetls hre D Mr. N. 
ner Satellite inſt 
for the (ſecond Sitte 


a wheel of 32: inſtead of whieh L 


a wheel of 65 turn a wheel of 33, which | 


comes much nearer the truth. 


About 16 years ago, I made one of 


theſe inſtruments, to be turned with a 


winch by hand. It had a Dial- plate 


divided into the months and days of 
the year, within which was a circle di- 
| vided into twice twelve hours. On this 
Plate there were two indexes, one of 


which was moved round, over all the 


365 days of the annual circle, in 365 


turns of the winch: and the other 


index was moved round, over all the 

24 hours, in one turn of the winch ; 
by which means I could, in a very 
thort time, ſhew at what times of the 
- days 


t Taper 
—— 
by band. ee "il auer ler S 


Romer las a wheel of 6 3 6th; url E 


1 ED! : 
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tions of the Satellites, any C 


| having he. 
may eaſily conſtruct a m 

; by which, the times 
merfions 
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. annual revolutions of M. ercury, 
Ve enus, and 2b Earth, round the Sun, 
in their proper Periodical times; the 
Moons motion round the Earth, and 
round ber. own &xis, with' all . 2 
ferent Phaſes : * the motions of the Sun, 


= : Ven enus, and the Earth, round their 


reſpective axes; the vici tudes of Sea- 
fans; ; the retrograde. notion of the nodes 
LY of he Moon s Orbit; with the times 
of all the New and Full Moons, and 


1 N. all the Solar and Lunar Exli Heer. 


Let a 1 of 6.12 inches, Bertl 
74 teeth, be fixed on the axis of the 
handle or winch, and turn a wheel of 
1. 80 inches diameter, having 32 teeth, 
which turns a wheel of 73 teeth, "whats 
diameter is 6.11 inches; and, on the 
axis of this laſt wheel let there be one 
of 32 teeth, of 1.80 inches diameter, 
4 a wheel of 160 teeth, whoſe | 
diameter is 8.97 inches; and that 


wheel to turn two wheels of 32 teeth 
« 8 _ 
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each, and n 1. 80 inches,” ae 
of theſe laſt wheels of 32 to haven” 


ſmall wheel of 16 teeth. On the to of 
its axis, turning angther of the 4 


number and ſize, and that one to turn ; 


ſuch another, on the top of. whoſe: axis y 
(inclining 237 de rees) is. ; the Barth 


which turns round in the ſame time —_—_— f 


the winch; each turn anſwering to 
24 hours. The Earth is "covered half 
over with a black cap, and turns freely i 
round within the cap, whoſe edge re. 
preſents the boundary of light and 


darkneſs, and ſhews the times 'of the 
[apparent] riſing and ſetting of the 


Sun, as the different places of the'Farth 
emerge from below it, - go in under 


it. 
The Aber wheel of 32 teeth (turned 


by the foreſaid wheel of 160) has an 


index on its axis, which goes round 1 
Dial- plate of 24 hours, in the time the 


Earth turns round its axis. The ſame 


wheel of 32 turns one of 64. teeth, 
whoſe diameter is 3.60 inches, and 


turns a wheel of 30 teeth, 1.6 inches 


diameter; : 


: 


co 105 } 


W Wage of 24 wah 

diam ee which turns a 

3 ren 3 
arries BE aon round 


448 


gels deen into 295 gar parts i in 
the time of a Lunation; and ſhews the 
Moon's age every 1 
A ſmall wheel 1 20 teeth is ol 
on a ſocket, among the other work, 
below the h; a and by the bar that 
carries the Moon, a wheel hanging on 
the bar, of go teeth, turns another of 
the: fa, nu umber e and fize, on whoſe 
hollow axis is the Moon's black cap, 
which always faces the Sun, and ſhews 
the Moon's "phaſe, as ſhe turns round 
her axis, which is within the Hallo 


axis of her cap. FRA 
'Y 2 1 


6} 

On the axis of the winch is a pinion 
of 8 leaves, turning a wheel of 25 tiert, 
which turns another. of the ſame num 
ber, on whoſe axis is a pinion of 7 
leaves, 5; parts of an. inch in diameter, 
which turns a wheel of 69 teeth, whoſe 
diameter is 4.1 2 inches, and has a pt> 
nion of 7 leaves on its Axis, turning a 
wheel of 83 teeth, which is fixed to'a 
frame'that contains ING of the above- 5 
mentioned wheels within it, and carries | 
the Earth round the Sun in 365 days, 5 
hours, 48 minutes, 57 ſeconds. The 
diameter of the wheel of 83 3 teeth is 
6.12 inches. 

On the axis of the laſt died 
wheel of 69 teeth, is a pinion of 10 
leaves, turning a wheel of 73 teeth, 
whoſe diameter is 5. 8 2 inches, and is 
fixed to a frame in which are. ſeveral 
other wheels (to be deſcribed by and by) 
and carries Venus round the Sun in 
225 days, 17 hours. 5 

On the axis of the foreſad wheel 8 
69 teeth is a wheel of 78,” whoſe dia- 
meter! is 3.68 inehes, and turns a wheel 


of 


1 163 3 4: 
of 64 a what dau aid gi in- 
ches, and on the top of whoſe axis the 
ay — the axis inclining 75 de- 
5 and the Sun damen not 77 it 
| in — dape, 6 6 1 N 8 art] } * 
In the center of the machine; belod 
the Sun, there are three wheels fixed 
on the ſtem, round which the whole 
work moves; the ſtem itſelf being 
fixed into the bottom of the box which 
contains the work. The lowermoſt of 
theſe three wheels is 2.95 inches in 
diameter, and contains 50 teeth, Which 
take into the teeth of another wheel of 
the ſame number and ſize, and this laſt 


wheel takes into the teeth of another of 


the ſame number and ſize, for keeping 
the paralleliſm of the Earth's axis in its 
whole courſe round the Sun; on which 
paralleliſm, the whole: ee of A 
Seaſons: depend. 0 

On the axis of: 3 middlemeft of 
thelk three wheels of 50 teeth is a 
wheel of 5, (a little bigger than the 
wheel of 50) which takes into a wheel 
of 56 _ (of a ſomewhat ſmaller fize) 


3 and 


eee a Le gr ET TN” fy f 
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2 166 6). 
and chis wheel of. — he Nodes 
of the Moon's orbit backward, thre i 4 


all the ſigns and degrees uf the ol 
in 185 years. 1 Y 
Above the Re whetcho! on- bt h 1 


ſtem, of 50 tecth, is a faxed whedl of 


74, whoſe diameter is 6. 1 2 inches, arid 
takes into a pinion of 8 leaves, on the 
top of whoſe axis is a ſmall Wheel of x6 
teeth, turning another of the ſame bum- 
ber and ſize, — that turning another of 
the fame number and {izealſo, on whoſe 
axis, inclining 5 degrees, Venus is turn- 


ed round in 24 days, 8 hours; which is 


her diurnal period, acnarding to Biaut | 
chim's obſervations. 


Aborethe ſaid-wehes): of 74 a 


and fixed on the ſame-ſtem, is a wheel 


of 28, whoſe Andie 1 74 inches; ; 
this b takes into the teeth of ano- 


ther of the ſame number and ſigge, 


which takes into a third of the- ſame 
number and ſize alſoz and this third 


wheel keeps the paralleliſm of Veous's 
axis throughout — whole pore 
riod round the um: 


tw). 


On the axis of the mid a me of 
theſe 'three Wheels of 28 teeth is ano- 
ther of the ſame number and ſize, 
which turns a wheel of 18 teeth, whoſe 
diameter is 1. T 2 inches, and which turn 
another the ſame number and ſize, 
which carries Mereury round the Suti 
in 87 days, 23 hour s. 
Any perſon who is not eus 
to the making of Orreries may perhaps 
be apt to think, that all the abovemen- 
tioned motions might be performed by 
fewer wheels; and an expert Clock- 
maker, by computing the periodi- 
cal times of the planets revolutions 
from the numbers of teeth in theſe 
wheels, might pronounce them to be 
very inaccurate. But it ought to be 
conſidered, that there is a very great 
difference between the rotations of wheels 
which always keep in the ſame places, 
and of thoſe which do not only turn 
round, but are alſo carried round others, 
continually changing their places and 
poſitions. As I wanted an Orrery more 
exact in the annual periods of the pla- 
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nets, and 1 motion 108 * Moon nd 
her orbit, than any one I have yet ſeen; 

the common Orreries being more adapt= 
<d for reading public lectures upon; 

where it is ſufficient to ſhew and explain 
the general phenomena; the makers 
generally content themſelves with ha- 
ving ſuch numbers as will carry the 


Earth round the Sun in 365 of its di- 


urnal rotations, the Moon round from 4 
change to change in 29; days, and her 


nodes round the Ecliptic i in 19 years; 


T have taken the pains to calculate the 


abovementioned numbers, which are far 


more exact ; and got a good. workman 
to make an Orrery under my inſpection, 
in which the diameters. of the wheel 
and their numbers of teeth are exact 


deſcribed ; and which I now give freely 


to thoſe be chooſe to work by n. 


Anot lber 


l 169 *. 


4 


ue. or. 

0 tatig years 2am, 1 ſy 
nige wooden Orrery, for ſhewing only 
the motions of the Earth and e 
with the retrograde motions of her 
nodes, and the phenomena ariſing from 
all their motions. The Earth had not 
its diurnal and annual motions carried on 

by means of a winch, but by hand; 
and as the Earth was moved round the 
Sun, the Moon was carried round the 
Earth in her orbit, and her nodes had 
their retrograde motions. As there is 
ſomething very particular and ſimple in 
the conſtruction of this machine; and 
as the Moon's motiom in it will not var 
above one degree from the truth in 30% 
years; and as it anſwers as well in Leap 
years as in common years; and has only 
ſeven wheels and one pinion in it; J 
ſhall here mention its uſe, but muſt beg 
to be excuſed from deſcribing the po= 
ſition of its wheels, and their numbers 
of teeth, becauſe I intend to inſtruct my 
” 0 1 


— — — — - _ 7 
n er 23e 
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ſon if 100 he and 1 live till the oh 
per time, how to make it for his owt) 


benefit. Beſides, it would be very dif- 


ficult to make it intelligible by a de- 
ſcription, without ſeeing it; eſpecially! 
as ſome of the wheels are not only di- 
vided into very uncommon numbers of 
teeth, but alſo that, in ſome of the 
wheels, equal numbers of teeth are con- 
tained in unequal ſpaces; for ſhewing 
the inequality of the Earth's annual mo- 
tion round the Sun, and of the Moon's 
motion round her orbit. It ſhews the 
following matters very readily. $ 
The lengths of days and nights at 
all places of the Earth, and at all times 


of the year; with all the viciſſitudes of 


Seaſons. The Sun's place in the Eclip- 
tic on any given day of the year, and 


time of the day; with his Declination, 


Altitude, and Azimuth at any time; 


alſo his Amplitude, and the time of his 


riſing and ſetting. The time of the 
day, by the obſerved Altitude or Azi- 
muth - the Sun. The variation of the 
compals, in my place, whoſe latitude i is 

3 85 Known 


1 * 

known by 4 fibgle bled on det the 
| Sun's Altun, taken at any tinie, either 
in the Forenoon or Afternoon. The 
Moon's periodical and ſynodical revo- 
ution, with her rotation on her axis, 
md different phaſes. The retrograde 
motion 1 her Nodes, and direct motion 
of her Apogee. Her mean Anomaly 
and elliptic Equation, by which her 
true place in her Orbit is very nearly 


found at any time. Her Latitude, De- 


clination, Altitude, and Azimuth, at 
any time when ſhe is above the kak 
zon. Her Amplitude, and the time of 
her riſing and letting, however affected 
by. her Latitude. The times of all the 
New and Full Moons, and of all the 
Solar and Lunar Eclipſes, within the 
limits of 6000 years before or after the 
Chriſtian Ara; with an eaſy method 
of rectfiying the Machine, in leſs than 

two minutes of time, for the beginning 
of any given year within theſe limits: 
and when it is once rectified, it will 
keep right for 304 years either back- 


wang or forwards ; at the end of which 
| 2 * time, 


[x92] 


time, the Moon muſt be ſet one FU re 

forward in her orbit. The ſmall dif- 

ference in the time of the Moon's r- 
ſing. in Harveſt, throughout the week 
in which ſhe is Full; and the great dif- 1 
ference 3 in the time of her getting during 
that week. The Receſſion of the Eque- 
noctial points, in the. Ecliptic. The 

Phenomena of the Tides, and the cauſes 
of many apparent irregularities in their 
heights, and times of ee ang E: 
flowing. l 8 


The Mechan cal e . 


"Tas Gall Lind of Orrery,, which 
I contrived and made about fifteen years 
ago. It has only five wheels, and ſhews | 
the Seaſons, the retrograde motion of the 
Moon's Nodes, and the mean times of 
Eclipſes of the Sun and Moon. I gave 
it tho above name, becauſe there is one 
wheel in it as thick as three of the 
others; and hat wheel takes fairly and 
equally deepi into the teeth of theſe three 
other wheels (which : are quite: indepen- 
dent 


——— thick mere affectst 
three wheels in ſuch a manner, and at 
the ſame time, as to turn the uppermoſt 
of them foriward;! the middlemoſt back 
ward, and the lowermoſt no way at all 
For a Copper- plate of oh W 
with a printed deſcription in which the 
paradox is ſolved, I refer the reader to 
aShilling Pamphlet, ſold at Mr,-Cadell's 
8 oppoſite e Street in the 
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In theſe Mills at are 1 26 586 wheets; and 
97746 movements, continually working 
except on Sundays. This grand ma- 
chine is diſpoſed i in four ſtories of large 
rooms above one another; and the 
whole is actuated by one great Water- 
wheel, which goes round three times 
in A minute... In each time of its going 
round, 737 28 yards of Silk are twiſted: 
ſo e in 24 hours, 3 18 504960 yards 
2 


are twilfied. The 1 is bet 
conſtantly going; but on Sundays it is 
thicngaged from all the reſt of the work. 


ſtopt without the leaſt e 1 
terru . to "the reſt. e 


part of theſe movements may 


3 — Machine! 4 Thy Fn F -abric Ee 


How far the power of human wiſdom goes! 


Where many thouſand movements all attend - 


Upon a WHEEL, and on THAT Caule vepnd. 


Sceptic, adyance | propoſe 265 ſcheme of wit, 7 


That faith to reaſon always muſt ſubmit. 90 


Whence learn'd theſe movements to obey command! 2 


Who taught them how to roll, and when to ſtand ? 
Was it by chance this curious fabric came? 
Or did ſome thought precede, and rule the F tame? 


* Worthy the Mortal, on whoſe Soul, confeſt, 


His GREAT CxEATOR's Image ſtands impreft ! 


Now turn from Earth to Heaven thy doubting eyes, 


And read th amazing Glories of the Skies! 


Worlds without number roll in different Splheres * © 
| Keep' to'their Seaſons and complete their years. 3 


Five thouſand circuits, made with equal force, 8413 


The Earth has finiſh'd by its annual Courſe. = 

The Sun'diſpenſes beams of genial —_— 

And lends his rays to cheer the gloomy night. 
STUPENDOUS PowWER and TroucarT! n no 


more: 
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Ries bs fi Alan he 1 oY 
f the Julian Period with the years 


4 the world, and years before and = 5 
the birth of Cuxisr; ſuppoſing (with 
Mr. Bedford, in bis Seripture Cbro- 

nolog y) that rhe Creation of the World 
- was in the 5o6rth year of the Fulian 
Period; — that the birth of CHRIST 
was ( according to the vulgar Ara 
1 u in 11 4 471345 year LE the 


Fr rom 1 any given year of the julian 
period ſubtract 706, and the remainder 
will be the years of the world's age. 
If the number of the given year of 
the Julian period be leſs than 4713, 
ſubtract it from 4713; and the remain- 
der will be the number of years befors 

the year of Chriſt's birth. 
If the given year of the Julian pe- 
riod is greater than 3967, ſubtract 3067 
from it; and the remainder will be the 
number of years after the famous Ara 
of Aaken. 


| Subtract 


8 


Subtract x from any given year of 
the Julian period, and divide the re- 
mainder by 4; if nothing remains, the 
given year is a Leap Jer: bot Kt, 1, 
or 3 remains, it is the firſt, ſecond, or 
third year after Leap year, in the Old 25 
Stile. | / 
Tfany year before the year of Chriſt's 
birth be given, ſubtract its number from 

4713, and the remainder will be the 
year of the Julian period. And if you 
ſubtract the ſaid given year from 4007, 
the remainder will be the years of the 
world's age. 

If any year after the year of Chriſt * 
birth be given, add 4713 to it, and the 
ſum will be the year of the Julian pe- 
riod; or if you add 4007 to it, the 
ſum will be the years of the world's I 

age. 

If any year of the world's age is 
given, add 706 to it, and the ſum will 
be the year of the Julian period. If 
the given year of the world be leſs 
than 4007, ſubtract it from 4007; 
and the remainder will be the number 


of 


3 


of years 124 the 


birth. 


A Table of remarkable Aras and Events: 


1. The Creation of the . 

2. The Flood . 

3. The Afyrian monarchy f founded 
by Nimrod —— 

4. The birth of Aol — — 

5. The deſtruction of Sodom and 
Gomorrah « 

6. The kingdom of Athens founded 
by Cecrops 


. —— 


7. -, Mojes receives the ten command- 


ments from Goos —— 

8, The Iſraelites enter Canaan 
9. The deſtruction of Trey 
10. The beginning of king David's 
6s reign — 
11. The founding 
| Temple 

12. The Argonautic E xpedition | 
13. Lycurgus formed hs excellent 

Laws 

14. Arbaces, firſt wy of of the Medes | 
15. Mandaucus, the ſecond | 
16. So/armus, the third 
17. The beginning of the Greet 


— 


— — 


— 


Ohmpiad. 
18. Artica, the fourth king of the 
Mears — — — 


A à 


of Solomon's | 


Jalian 
Period. 


706 


2714 
2816 


3222 
3262 
3650 


3701 
3770 


| 3829 


3838 
3865 
3915 


3938 


4.3945 


2362 


2757 


3157 


3529 


World's 
Age. 


o 
1656 


1831 
2008 


2110 


2451 


2516 
2556 
2823 


2944 
2995 


zo7o 


3103 
3132 


3159 


3029 | =Y 


3232 


3239 


8 Chriſt's 
birth. But, if the e year of the 
world be more than 4.007, ſubtract 4007 
from it; and the remainder will be the 
number of 5 years after the * of Chriſt's 


Before! 


|Chriſt.| 


4007 


23511 
2176 


1999 


1897 
1556 
1491] 


1451 
1184 


1063 


. 


19. 73 Catonian FREY of hs build-- 


OE Cerinth taken and plundered by 
Conſul Mummius 


o 


F 178 1 


Julian | 


Period. 


ing of Rome? — 3961 
20. The Ara of Nabonaſſar — | 3967 
21. The ceſtruction of Samaria by 
Sasalnanęſer — 3992 
22. The firſt Eclipſe of the Moon Aſs ® 
on record 23993 
23. Cardicea, the fifth _ of the EE 
Medes | 3999} 
24. Phraortes, the ſixth _ — 4058| 
25. Cyaxares, the ſeventh — 4080 
26, The firſt Babyloniſp captivity by | 
Nebuchadnezzar 4107 
27. Ihe long war ended between the | 
Medes and Lydians — — [4111 
28. The ſecond Batyloniſh captivity, | 
and birth of Cyrus ——— [| 4114| 
29. The 2 of Solomon's N 
Temple — 4125 
e. —— Blog Muck with mad- 
neſs — — 4140 
31. Daniel's viſion of the four mo- 
narchies — 4158 
32, Cyrus begins to reign ws 14177 
33. Ihe battle of Marathon — 4223 
34. £rtaxerxes Longimanus begins to | 
reign — 4249 
35. The beginning of Daniel's ſe- 5 
venty weeks of years — 4256 
36. The beginning of the Pelopon- | 6 Th 
nefran war — 14282 
37. Alexander's victory at Arbela 4383 
38. His death 4390 
39. The captivity of 100, ooo Jews | 
by king Prolemy 4393 
40, The Colofſus f Rhodes thrown | (| |} 
down by an earthquake. — 4491 
41, Antiochus defeated by r 
Philopater — 4406 
42. The famous Ax cHMuEDES mur- 5 
dered at Syracuſe. 4506 | 
43. Jaſon butchered the inhabitants | 
o Teruſalem — 4543 


45671 


** 


5 


A 2 2 


33 4 13 


+ EIN 1 
FCC ] Julian j World's 
7 My 3 1 oy * 25 N. Age. 
. Fubus Caſar invades Britain 3953 

4 | . calendar | 4607 5 3355 
47+ Is killed in the Senatethouſe 4671 3968 
48. Herod made king of Fudea | 4673 3967 
49. The battle at dium —— _ | 4683 | 33 
50." dgrippe builds the Pantheon | | 
51. The true Zra of CuanrnsT's EE. 
birth — — — 4709 | 4003 
52. The death of Herog —— 4710 | 4004 
3 I 
53. The Dionyſiar, or vulgar Zrg of {| 
Cnr1sT's birth - 4713 | 4007 
54+ The true year of his Cruci- 5 
frionn x —: 4746 | 4040 
55. The deſtruction of Feru/alem 4783 | 4077 
56. Adrian built the long wall in| | 
Britain —— — 4833 | 4127 
57. Conflantins defeated the Pids in — 
Britain — 90194313 
58. The council of Mice 5038 | 4332 
59. The death of Conſtantine the 4: 
Great „ | 5060 | 4344 
6o. The Saxons invited into Britain} 5158 | 4452 
6a, The Arabian Hegira, or flight of | _ 
Mohammed — 5335 | 4629 
62, The death of Mohammed — 5343 | 4037 
63. The Perfian Yeſdegird —— 56344 | 4638 
64. The art of Printing diſcovered 153 | $447 
65. The Reformation begun by) | 
Marti Luther — — 6230 | 5 $24 
66. Oliver Cromwell died —— 6371 | 5665 
67. Sir Isaac NewTon born at | 
 Wodlfirope in Lincolnſbire, De- | 
cCember 25 | 63535 | 5649 
—— went to Trinity College in Cam- | 
bridge — 6373 5667 
—— was elected Fellow of that Col- 
lege — | 6380 | 5674 
—— invented the Fluxions —— 6382 | 5676 
— made Profeſſor of Mathematics, | | | 
in the room of Dr. Barrow 6382 | 5676 
publiſhed his Principia 6400 | 5684 
—— exerted himſelf for Religion 6401 | 5685 


* 


Sir Is AAc NRWro made Preſident | 

of the Royal Society | - 6416 
— Knighted by Queen Anne — 
— died, March 10 — | 6440] 


Period. 


In this Table, the years W's before and ſince Saen are. 


reckoned excluſive om the year of his birth, * 


N * 5's 
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know DS. 6: as, o \be talked. of)..a b nd, alſo 


$avioun's "Crack a vg 
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bn, WY 
We 10 * 8 AS DL . as 284 
*. RON our Saxiour's. 
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NT i bis, pyblic miniſtry (which: 
* be called th the tiene. of higappear ancs, 
becay ſe \ k | then,” he e was not. ly X 


* A 


concerning the time of his death, ere, 
| Bd 3 V s 


the hook opt Nara by 


IXt th. e 0 


is} in ; our E ; boch ＋ ranilation as. N "Ty 


Ver. 8 were e determin- 
ed upon thy people „ and upon # Holy 
ci zy, 7a } iſh. the tranſgreſſio gon, and 70 


male an end of ſins, „ and to make recom >, 


| rn for iniquity, and 70 bring in ever 


lafling ri righteouſneſs, and to ſeal. up: the .. 

viſion _ prophecy, and 70 gan .the, . 
moft holy. * "att. 
25. Know therefore i and PRs { and, 

that Her the 89g. forth, of the 


command 


1 
. 
. 


ſpreading 'of abhminution "by ſhall © BY: le 
wpon"the deſolate. . 


| pointed oe a ſemi-colon at /eve 


Wer be * ven Ko pies # 0 | 

go weeks the. ft Feet 2 Be Bui Bain, 

and the wall, even 1m troubliuuut fn. 
26. And after tbregſcore and 7200. 


weeks JBall Wieffab be cur of, Bur nt for 
bimfelf': and, 


peupis e the p Vince 45 Bat” 
Hall come, ſhall det; the © » arid! 3he. 


fanftuary,” and the 155 tere f all 38. | 
with a fhod, and unto che end of tht WH 
em art deverminied. CO TED TY, 
27. And Be FBhJF 3, 4 3 
with many for ont wwe: 54 + 15 i 7 N 
of the week be ſhall cane the gar 
and oblations'td' ceaſe; and for 150 - 


it dęſolarr, even until the os, 
and * that: derer mind, Pull be beutel 


Itr the above wanflatien, BEND pat 
of the 2 5 th verfe is moſt att 


weeks ; which ought to run thus, 2a 
weeks and threeſcore and two weeks.” 


In the 24th verſe, what we have ren⸗ 
dered 


lebrew very well, f vißon and 
5 „ it is Rendered e, and pre: 
bes. 
| K In ver. 27. | \ where we. lata. it the 1 
_ midſt of the week, all the tranſlations 1 
| have- procured: render it the half part 
of the week ; which may be taken either 
for the firſt or laſt half part of it. 
In the ſame verſe, af — we have it 
And be fhall confirm the covenant with 
many for one wech; ſome tranſlations 
render it And in one week a covenant 
Gall be confirmed with many. Now. let 
the whole be put together agreeable to l 
this tranſlation, without dividing it into 
different verſes (which is only of modern 
invention) but pointing it here and there 
for the fake of _—; : and it will run 


thus: 
S jeventy weeks® are luer ined pon 5 


people. 


* Seventy ſevens, accordin g to Mr. Purver's tran- 
lation 3 which may be reckoned ſevens of years sa 
well 


— 3 0D 1 I „ : 3 pt 121 
15 . and thy holy city to fin 


g's, ons and ro make an end 0 


Z0 anomt the moſt Holy ＋. Know there farb, 
' and underſtand, that from the going 


build Feruſalem, unto the Meſſiah the 
prince, ſhall be ſeven weeks and rbreiſeare 


again, and the wall even in I troublous 
times. And after threeſcore and two 
. weeks ſhall Meſſiah be cut off, but not for 


ſanctuary, and the end thereof ſhall be 
with a flood; and unto the end of the 


words of Gop to that Prophet: © I have appointed 
thee each day for a year.” | 


himſelf. (And the people of the prince 
that ſhall come ſball defiroy the city and 
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ons and i 7h end of fins; an 
nale reconcifiation for inifuity, and th 
Bring in everlaſting righteouſneſs, and 
zo ſeal up the vifons and prophets, and 


* 


; ; 2 N 1 
i | | | | 
«A 


forth of the commatiament to reflore and 


and two weeks : the Areet ſhall be bu itt” 


war deſolations are determined.) And in 
one week a covenant ſhall be confirmed 


| well as ſevens of days: and in the 6th verſe of the 
= 4th chapter of Ezekiel, we have theſe remarkable 


J Some tranſlate this, the holy of Holies, and Mc. 1 


Purver, he very holy one. | : Br 
+ By moſt tranſlators, in the fraitneſs of times. 


with: 


* # war 


N. AND bs 


1 make / 5M even 
unto 15 5 ing; ; and that 5 is deter- 


mined all be poured 1 bon the dgſolate. 


» Tis evident, that the firſt part of 


0 rophecy relates to the coming of 
Chriſt ;. to his b Ng, Py t to death, of 
72 Al but for the 7 of mankind, 
BY nd to all other facrifices and of- 
ferings; to his in neden the righte- 
We of ages, and ſealing up (or 2 
end to) Yophecies, And t lat the 


ng. $2 r 


by 15 art A a the defi 
gruſalem, in a very. feriking r N 
n the 5 | chapter of Ezra, we 


'L 


| > 


have an account of a very ample com- 


S111 


miſho jon (or commandment) which was 
( 10 was 


given by king . Artaxerxes (v 


* 


called Artaxerxe es Long imanus) to Ezra, 


to go up to Jeruſalem, 1 in order to repair 


that OP. and reſtore the ſtate of the 


* * Wig in to 8 ” 5 12 


Wd. Jews; 


IC | cat facrifice he was to put 
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Jews; 35 and Fa. es wok his j jou ney, 
on the firſt day of the firſt month, . 
viz. the month #7 an; which began 
about the time of the — 1 equinox. | 
And on the 14th day of that month 
(reckoned from the New Moon, at 
which the month began) the Paſſover | 
was always kept; for Jo/ephus* expreſſiy 
ſays, © The paſſover was kept on the 
% x4th day of the month 1Vi/an, ac- 
cc cording to the Moon, when the Sun 
« was in Aries.” And the Sun always b 
enters the ſign Aries at the time of the 
vernal equinox. _ 
This commandment was given in the . 
7th year of Artaxerxes's reign, and that | 
year (according to Prolemy's canon, the 


rectitude of which was ſcarce ever called 


in queſtion) was the 457th year before 
the year of Chriſt's birth: and from the 
vernal equinox in that year, we are to 
count the above-mentioned ſeventy weeks . 
to the death of Chriſt. For, as the ac- 
compliſhment of the prophecy muſt end 

Acht the expiation of ſin, we cannot ſup- 
poſe theſe weeks to end at ay" other time. 


* Lib. i. cap. 10. 


But, 
ee 


„ 


But, +a we. count many 1 of =] 
70 common weeks, from the time of 
the Jewiſh paſſover in the 457th year 
before the Lars æra of Chriſt's birth, 
we ſhall find that no Meſſiah or Savi- | 
our did ; appear on the Earth within that 
ſpace of time : nor will theſe reckonings 
lead us from one Paſſover to another. 
And it is certain, from the four Goſpels, 
that Chriſt was crucified at the time of 
the Paſſover; and St. John, chap. xvii. 
ver. 28. is fo particular, as to inform 

us that our Saviour was crucified on. the 
very day that the Paſſover was to be 


eaten by the Jews, who would not de- 


file themſelves by mixing with the mul- 
titude early in the morning, at the time 
of his trial. From theſe circumſtan- 
ces it is plain that theſe prophetic weeks 
mean ſomething very different from the 
weeks by which we commonly reckon. 
In the Old Teſtament, we read of 
weeks of years, as well as weeks of days. 

For, as every ſeventh day was to be a 
ſabbath for man, on which he was to 
reſt from his labour; ſo every ſeventh 
B b —— 


15 x 38 ; | 


year was to be a Gbbath "IK the 1 Dc 
in which it was to reſt from tillag 
Let us therefore take thele 70 weeks | 
be weeks of years, making 490 10 : 
in all ; and the reckoning will lea 
from the Paſſover in the 457th 5 
before the year of Chriſt's birth. i 15 
Paſſover in The 33d year of our Saviour's 4 ; 
age, accounted from the. vulgar ra of 
his birth. : 
It is expreſſly foretold in a pro- 
phecy, that from the time of the com- 
mandment's being given to reſtore 
and build Jeruſalem, to the Meſhah, 
the prince, (or to the time of his a Pear- 
ing in his public character) there ſhould 
be leven weeks and threeſcore and two 5 
weeks; or 69 weeks in all: the firſt. - 
ſeven of which; being the ſtraiteſt or 
ſhorteſt of the times, conſiſting of 49 
years, we may very well allot to -the» 
repairing of Jeruſalem ;\ after which, 
there ſhould be threeſcore and two. 
weeks, or 434 years, to the public ap- 
pearance pf the Meſſiah: and then, 
there remained only. one week, or ſeren 
years, 


have it, and in half | 


| (which might 


meſſenger, 7 Baptiſt, 
ſo long before Chrift took. the © ublic 
upon himſelf, as that he ac- 
quired great fame in many countries 
around, whicl could not be done i in a 
ſhort time, we may 
laſt verſe of the p1 


„ „ » 


0 


half of the ſeventieth 
years and anhalf) to theo time 57 
preaching; at the end of hich tid | 
he baptized Chriſt, who was 5 15 en- 
tering into the thirtieth year of his age 
(according to St. Luke) and then Chriſt 
took his public. miniſtry upon himſelf 
for the remaining half of — ſeventieth 
week ; at the end of which he was cut 
off by the wicked and ſelf-hardened 
Jews, and ſo put a virtual end to all 
their ſacrifices and offerings; which 
finally ended with the deſtruction of their 
city and temple about 37 years after. 
So that, in the firſt place, taking the 
whole of the prophecy together, as in 
ver. 25, and then dividing it into four 
different periods or parts as above men- 
tioned; it will very naturally run thus; ; 


From the time of Exra's receiving the * Ws, 


Yeus.” 
"acts or 490 


* 


mandment to repair Zers/alem, until the 
>explation of Sin by CHRIST — 


| For the time of theſe repairs — 7 or 49 
From | the, finiſhing of theſe repairs airs to the | 
coming of Cuxlsr by his meſſenger Jobs & 62 or 434 


the Baptiſt—— 
From that time to the end of Jobn's . 1 x 
. try, and the baptiſm of CuntsT V 
From thence to the end of CHRIST's mini- ot 1 % of 


try, * his death On the Croſs — 
1 — 70 or 490 


de Jewiſh. Paſiover,, their, ending 


33d, year after the years of his birth : 


conſequently, Y, according to this pro- 


phecy, our daviourwas crucified at the end 
of 490 years after Ezrg's commiſſion. 
*Tis plain from all the four Goſpels, 


chat the crucifixion was on a Friday; 
becauſe it was on the day next before 
the Jewiſh ſabbath ; and as above men- 
tioned, on the day the Paſſover was to 
be eaten (atleaſt) by many of the Jews. 
The Jewiſh year conſiſted of twelve 
months, as e by the Moon, which 5 
contains 354 days; to which \ they either 


added 11 days every year, in order to 


make their years keep pace with the 
Sun's courſe of 365 days; or:g0 days in 
three years. So that, although their 
months were Lunar, their years were 


Solar. And they always celebrated the 


Paſſover on the fourteenth day of the 
firſt Lunar month, reckoning From the 


. 1 


3 gas at the Faſſover in the 
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ach a 8k the then Hf bi this 


day 2 Full Moon; and, according to 


ban, they always kept the Pafſover 
To time of the Put Moon Next. feet | 
the vernal equinox. ws 


But the Full Moon day on \ which 
our Saviour was crucified fe "ON Friday, 
And as 12 Lunar months want 1 1 days 
of T2 Solar months, the Paſſover. 
Moons (as well as all others) fall xx days 
back every year ; which being more than 
a week, by four days, makes it, that, 
in a few neighbouring years, there can- 
not be two Paſſover Full Moons on the 
ſame day of the week. And when this 
anticipation would have made the Paſſo- 
ver Full Moon fall before the equi- 
noctial day, they fet it a whole month 


forward, to have it at the firſt Full 


Moon after the vernal Equinox ; which 


puts it oft the ſame day of the week 
1 cond "© 


The 


The Ag among chroncloger * 


about the year of our Saviour's cruci- 
fixion, . 1s limited within four or five 


years at moſt, And it certainly was in 
the year in which the Faſſover Full Moon 


fell on a Friday. 


And I find, by calculation, that the 


only Paſſover Full Moon which fell on 
a Friday, from the 20th year after our 
Saviour's birth to the 40th, was in the 
4746th year of the Julian period; 


which was the 33d year of his age, 


reckoning from the beginning of the 
year next after that of his birth, accor- 


ding to the vulgar Ara anal? and 
the ſaid Paſſover Full Moon Was on 


the third day of April. 


And thus we have an aſtronomical 
demonſtration of the truth of this an- 


cient prophecy, ſeeing that the prophe- 


tic year of the Meſſiah's being cut off 


was the very ſame with the aſtrono- 
mical; 


Beſides, we have the teſtimony of a 


heathen author, which agrees wk the 


lame year, For Phlegon informs us, 
Cece. W 
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that in the fourth year of: the 20 od 
Olympiad (which was the 474th year 
of the Julian period, and the 3 3d year 
after the year of Chriſt's birth) there 


was the greateſt eclipſe of the Sun that 


ever was known; for the darkneſs 
laſted three hours in the middle of the 
day: which could be no other than the 
darkneſs on the Crucifixion-day ; as the 
Sun never was totally hid above four 
minutes of time, from any part of the 
Earth, by the interpoſition of the 
Moon, = 


If Phlzgon had been an 8 he 


would have known that the ſaid dark - 


neſs could not have been occaſioned by 
any regular eclipſe of the Sun; as the 
Moon was then in the oppoſite ſide of 


the heavens, on account of her being 


Full. And as there is no other body 
than the Moon that ever comes be- 
tween the Sun and the Earth, it is evi- 
dent that the darkneſs at the crucifixion 
was miraculous, being quite out of the 
ine courſe of nature. 


There | 


| C: 195 1 


There Rare bee! n great difficultics 
Mis our Saviour s cating the Paſchal 
lamb on the eyening of the day before 

it was eaten by the Jews, But I ap- 
prehend this difficulty may be eaſily 
removed, when we conſider that the 
Jews began their day in the evening, 
and ended it in thę next following 
evening. So that, although it was on 
a different day, according to our way of 
reckoning, it was ſtill the ſame day ac- 
cording to theirs. And we do not find 
that they brought in his eating the lamb 
on the Thurſday evening as any accu- 
ſation againſt him: which they would 
undoubtedly have been glad to do, if 
they could have made a handle of it 


; for that purpoſe, 
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Table ewing the Days " thy 
| Months for ever, both in the O 


and New Stile, by the Dominica 


1. 


| Months, 
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By the ct Tables 6 196, 
197, 198) the day of the month an- 
ſwering to any given day of the week, 

and the day of the week anſwering to 
any given day of the month, may be 
found, in the Old Stile, within the li- 
mite of 5500 years before the year of 
_ Chriſt's birth, and 5 500 years after it: 
and, in the New Sele, from. A. 
1752, to 1821 incluſive, as follows: 
1. For any given year before Chriſt, 
| look for the complete hundreds of that 
year (when its number amounts to hun- 
dreds) at the head of the Table on page 
196, and for the years below or leſs than 
an hundred, to make up the number of 
the given year, at the left hand; and 
where the columns meet, you have the 

Dominical letter for the given year. 
Thus, ſuppoſe the Dominical letter was 
required for the 585th year before the 

year of Chriſt x, which was the 584th 
before the year of his birth. Under 
Foo at the head of the Table, and 

againſt 84. at the left hand, I find FE, 
which is the Dominical letter required; 
and 


1 


2 


C 26 


and ſhews the faid year to chan bend 4 


the laſt for all the reſt of the year. The 


Dominical letter for any given year | 
after the birth of Chriſt is found in the 


ſame way by the Table in page 197: 


Thus, ſuppoſe it was required for the 


year 1747; I look for 1700 at the 
head of the Table, and downward 


thence, in that column againſt 47. at. 


the left hand, I find D; which ſhews 


that D was the L letter for 


the year 1747. Theſe two Tables 
ſhew the Dominical for the Old Stile: 
and the Table on page 198 ſhews it 


for the New Stile, from A. D. 1752 


to A. D. 1821. | - | 
2. Having found the Dominical letter 


for the given year, look for that letter 


at the top of the Table ſhewing the 


days of the months (page 198) and under 
the ſaid letter, you have all the days of 


the months which are Sundays in that 


year, in the diviſions of the months. 


Under 


Leap year; as every Leap) year has two 
Dominical letters, the firſt of which 
ſerves for January and February, and 


— 


19 


Vader Fl next letter toward the right 
hand, all the days in the column are 
Monda ys; thoſe under the next are 
Tuekdays: ; and ſo on. When you are 
out at the right hand of the Table, ge ; 
back to the left, and ſo reckon on = 
carding to the order of the days of 1 
1 hus, 1 for the 585th | year 
beds Chriſt, for which the — 
letter (or letters) was FE; the firſt 
ſerving ſor January and F — and 
the laſt for all the reſt of the year; in 
the Table, pag. 198, I find, — F, 
the - 6th, x 3th, 20th and 27th of Jar 
nuary ; and the 3d, 1 oth, 1 7th and 
⁊24th of February: and then, under E, 
I find the ad, gth, 16th, 23d and goth, 
of March and November; the 5th, 
12th, 1th and 26th of October; the 
6th, 1 3th, aoth and 27th of April and 
July; the 3d, roth, = 24th and 
3 iſt of Auguſt; the 9th, 14th, 2ſt 
and 28th of September and December; 

the 4th, 11th, 18th and 25th of May; 
and the 1ſt, 8th, I 5th, 22d and 23 
D d of 


1 
1 


2021 
of June; which being all Sunda s in 
that year, the reſt of the days of the 
months anſwering to given days of the 
week, are eaſily found. For example; 
if it was required to know on what day 
of the week the 28th of May fell, in 
the abovementioned year; I look: for 
the 28th of May in the Table, and 1 
find A ſtands at the top of the column 
in which that day is found: and, as 
the 25th of May fell on Sunday, tis 
plain that 'the 28th of May muſs have 
been on Wedneſday. 3 . T0 

| _ Again, ſuppoſe it was mequired+ to end 
on what day of the week Chriſtmas-day 
will fall upon in the year 1767, "New 
Stile. ö The Dominical letter for that 
year is D. Then, under D in the di- 
viſion for December, in the Table, I 
find that the 6th, 13th, 2oth and 27tll 
are Sundays; and conſequently, as the 
20th of December falls on Sunday, the 
2 5th (or Chriſtmas-day) muſt be on 
— More examples would be ſu- 


perfluous. — 3 
* Hor 


N it: + 


* 
n 
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How 0 N ci ele and Proig by ines, 
into any given number of equal parths 
whether odd or even. at 


by 


When ha ig number of equal 
parts, into which a circle, or a Araight 
line is to be divided, are even, and can 
be divided by 2, -3; 4, &c. the operation 
is too caſy to need any deſcription: but 
when the given number of parts is odd, 

as 365, 59, or 31 (which are numbers 
often wanted) tis found difficult to di- 
vide them, even by a great many tri- 

als with the compaſſes. 
In order to avoid this difficulty I hall 
| ſhew a method, by which it is as eaſy 
to divide e a given circle, or a gi- 
ven ſtraight line, Tat any odd number 
of parts, as into any even number; and 
have all the ſpaces between the n 
lines as _—_ among themſelves as is 
ſufficient for the purpoſe: provided the 
operator has a good ſector, knows how 
to open it till the two 60's on the line 
of chords are as far aſunder, when tried 


D d 2 by 


bag * 


) 


by the compaſſes, as is equal to the 
length of the radius, or ſemidiameter, 
of the given circle. 

There can be no given number of odd 
diviſions or parts, but may have as many 
ſubtracted from it as will reduce it to 
an even number, which may be biſected, 
triſected, or quartered, &c. And there- 
fore, by finding the length of an arc in 
the circle that will bear the ſame pro- 
portion to the odd number taken off, 
as the whole circle bears to the whole 
given number, this are may be eaſily 
divided into as many equal parts as are 
contained in the odd number which 
was ſubtracted; and then, the remain 
ing number being even, the remaining 
part of the circle may be eaſily divided 
into that number. 

All circles contain 360 gegen | 
Therefore, as the whole number of 
parts, into which the circle muſt be di- 
vided, is to 360, ſo is the number of 
parts ſubtracted to the number of de- 
grees, and parts of a degree, contained 

in the arc in which they muſt be di- 
| | view. 
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vided. T hum: at, > 1t was required 
to divide a given circle into 365 equal 
parts: ſubtra& five of theſe parts, "= 
there will remain 360, which may be 
firſt divided into fix equal parts, each 
of theſe again into fix, and each of theſe 
laſt into ten; by which there will be 
360 in all. Now ſay, as 365 parts is 
to 360 degrees (the whole circle) fo is 
the five parts ſubtracted to the arc they 
will fill; which arc, by the calculation, 
will be found to be 4 degrees, and 93 
hundred parts of a degree; which is a 

little more than 9 tenths. 
Therefore, having taken the id 
of the ſemidiameter of the given circle 
by your compaſſes; open the ſector ſo, 
as that the two points of the compaſſes 
may reach (croſs-wiſe on the ſeQor) 
from 60 to 60 degrees in the line of 
the chords; and keeping the ſector at 
that opening, take off 4 degrees and 
93 hundredth parts of a degree (as near 
as you can gueſs by the eye) croſs- wiſe, 
from the line of chords, near their be- 
S at the joint; and ſet that ex- 
8 tent 


tent with your compaſſes upon the Dey: 
riphery of the circle, making marks 
with the points, and divide the ſpace 
between the marks into 5 equal parts; 
and then divide the reſt of the circle, 
firſt into fix equal parts, then each of 
theſe again into fix, and each of theſe 
laſt into ten; and ſo you will have the 
whole circle divided into 365 equal 
parts, as was required, ; 
Again, ſuppoſe a given circle was to 
be divided into 59 equal parts: ſubtract 
9, and there will remain 50. Then, 
as 59 parts are to 360 degrees, ſo are 
9 parts to the meaſure of the arc they 
will contain; which, by the operation 
will be found to be 54.91 degrees. 
Therefore, ſet off 54.9z (or 542) de- 
grees upon the circle, and divide that 
ſpace into o equal parts; then divide 
the reſt of the circle, firſt into 5 equal 
parts, and then each of theſe parts into 
10; and the whole will be divided into 
59 equal parts, as was required. As 
twice 29: make 59, this diviſion will - 


do very well for a circle containing 


the 


[ hoy 1 


the 29% days of the Moon's age from 
change to change; as the above di- 
viſion of 365 will do for the a in a 
common year. 

Once more; ſuppoſe a given elink 
muſt be divided into 31 equal parts: 
ſubtra& 1, and there will remain 30. 
Then, as 31 parts are to 360 degrees, 
ſo is one part. to 11.61 degrees (or 11.6) 
near enough for the purpoſe. There- 
fore, ſet. off 11.6 degrees on the circle 
for the one odd part; and divide the 
reſt of the circle, firſt into ſix equal 
parts, and then each of theſe parts into 
five: and the whole circle will be di- 
vided into the required number of 31 
equal parts. This anſwers to the di- 
viſions of the common month- day circle 
in clocks. 

The method af dividing ſtraight 
lines of given lengths into any given 
number of equal parts is the ſame as 
above; only, inſtead of degrees and 
parts of a degree, we make uſe of inches 

and parts of an Inch, Thus, 4 
3X Suppoſe 


Suppoſe a given Nike line was vo 
inches and 5 parts of an inch (or 7.3 
inches) in length; and it, was required 
to divide that line into 4.3 equal parts. 
Subtract 3, and there will remain 40: 
then, as 43 parts 1s to 7.3 inches, ſo is 
3 parts to a fourth proportional number, 
nick will be. found to be 0.541, or 
785 part of an inch. Therefore, from 
. non ſcale, where you have an 
inch diagonally divided into 100 equal 
parts, take off 51 of theſe parts in your 
compaſſes; and ſetting one foot in either 
of the ends of the given line, make a 
mark with the other foot upon the line; 
and divide that ſpace into 3 equal parts, 
and the reſt of the line into 40; and 
you will have the whole Jine divided 
into 43 equal parts, as was deſired. 
By this method, a wheel may be ea- 
ſily divided into any given number of 
teeth. For, if a lip of paper be laid 
round the edge of "a wheel, ſo as the 
ends may juſt meet; the faid flip may 
be divided into as many equal parts as 
the wheel muſt have teeth ; and then, 
7 5 1 


ban put: a ile Arch. or gum all 
round the edge of the wheel, put the 
paper r it again, and divide the 
N by't the marks on i the paper. | 


How 10 fad two requiſite PERRY in the 
tube of a Thermometer, and then 10 


divide the ſcale thereof 


Firſt, put the bulb of the tube into 
water juſt freezing, or ſnow juſt thaw=- 
ing; and, at that part where the top 
of the Mercury ſettles in the tube, make 
a mark on the tube. Then, if the tube 
be long enough to contain the riſing 
of the Mercury for boiling water, put 
the bulb into boiling water; and, at 
the height to which the boiling lik 
the Mercury, make a mark on the tube. 
This done, apply the tube to the in 
tended ſcale; and againſt the firſt mark, 
place the avidhes 32 on the ſcale, to 
_ denote the freezing point; and againſt 
the ſecond mark, place the number 
212 on the ſcale, to denote the boiling 

Ee point. 


0 

point. This done, divide the ſpace 
between the two marks on the ſcale 
into 180 equal parts; and continue 
theſe diviſions both above the boiling 
and below the freezing point, for the 
whole length of the tube upoꝑ the ſcale, 
and number them accordifigly. And 
then the heats of ſeveral bodies may be 
ſhewn, by being expreſſed on the ſcale, 
as follows: 

Air, in ſevere cold 2200" Er in Britain, 
from 15 to 25. Air at Midſummer, 
from 65 to 68, Extreme heat of the 
Summer-Sun, from 86 to 100. Human 
heat, about 97. Butter juſt melting, 
95. Alcohol (or pure ſpirits) boils with 

174 or 175, Brandy with 190, water 
with 21 2, oil of Turpentine with 5 50, 
and Tin melts with 408. Milk freezes 
about 3o, Vinegar about 28, and Blood | 
about 27. | | 
If the tube be not long enough 0 to 
bear boiling water, firſt find the freezing 
point as above directed ; and then put 
the bulb under your arm-pit, next to 
your ſkin, and hold it there as lang as 
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you bs the 0 to riſe i in the 
tube, and then make a mark on the 
tube where the Mercury ſettles. This 
done, apply the tube to the intended 
ſcale; on which, place 32 at the firſt 
mark, for the freezing point, and 97 
at the: ſecond mark for the degree of 
human heat. Then divide the ſpace 
between theſe two numbers on the Lale 
into 65 equal parts, and continue theſe 
diviſions above 65 and below 22, as 
far as the tube goes; and laſtly, place 
the different appellations of heat and 
cold on the ſcale as abovementioned. 


Rules 11 finding the vs: or » ſuperfi- 
cial contents of Plane Fi ns and 77 


ſolid Bodies. 


. The diameter of 2 circle being given, 
70 e. its circum ference and its area. 


Ms 113 is to 355, fo is the diameter 
of the circle, taken in any meaſure, 
Ee 2 as 


as feet, Weben, Gee. t to its circut mference 
in the like meaſures. ein n 

To find the area, in circular mea- 
ſure, multiply the diameter by itſelf, 
and the product will be the area ſought.) 

To find the area in ſquare meaſure, . 
ſay, as ri is to o. 78 54 (or rather o. 78 5 399) 
ſo is the ſquare of the diameter to the 
area fought, in ſuch meaſures as the 
diameter was taken. M FO 


2. Ti fnd theareasf 22 of aCirdle 


As 360 degrees is to the degrees in 
the arc of the ſector, ſo is the area of 
the whole circle to the area of the ſector. 
Or, multiply the length of the radius 
of the ſector, by the length of the arc 
ofthe circle, under which it is contained, 
and divide the product by 2; the quo- . 


tient 18 the area ſought. 


3. To find the area of an E 7. 


Multiply the longeſt diameter by the 
ſhorteſt, and the Product by o. 7854; 
the 
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the laſt ed; is the area a gh, in 
2 5 2 8 72 ” 


+ 25 2 the area 1 a Parabols. 


| Multiply the "WY! or greateſt, did 
nate, by the perpendicular height, and 
the product by 2: then divide the laſt 
product by 3, and the e will be 


the area ben pony 


5. 75 fd the area 7 a Shur) or of 
a Parallelogram. 


- Multiply any fide of the ſnare: by 


36a, or one of the longeſt ſides of the 
parallelogram by one of the ſhorteſt ; 


and the product will be the area re- 


quired. 


6. To 1 the area haſt a Triangle, the 
; lengths of whoſe ſides are Civen. 


If the triangle be a right angled one, 
e the baſe thereof by ye per- 


Rain 1 


. 214 oy 
1 and divide. the product by 


2; the quotient will be the area, in 
ſuch ſquare meaſures as the lengths of 
the baſe and perpendicular were given. 
If the triangle be an oblique one, and 
have its ſides of different lengths, call 
the longeſt ſide the baſe; and, from 
the angular point, oppoſite to the baſe, 
draw a right line perpendicular to the 
baſe. Then, find the length of the 
perpendicular, in ſuch meaſures as the 
lengths of the ſides were given, and 
multiply the length of the baſe by the 
length of the perpendicular, and divide 
the product by 2: the quotient will 
be the area of the whole triangle, as 
was required. 


7. . 25 find the area, or ſuperficial con- 
tes: ent of any Rectilineal Figure. 


If the figure be irregular, and conſiſts 
of many ſides and angles, reduce it all 
into triangles; and then find the con- 
tent of each triangle by itſelf, as di- 


rected T the foregoing rule. The ſum 
of 


| [2s] | | 
of all theſe areas or contents, eing 


added together, will be the area or 
content of the whole figure. TE 


8, 25 find the content of a Field this FA 
Been ſurveyed by the chain, and plot- 
ted down by a ſcale F chains and links, 


The common chain for ſurveying 
contains 100 links, and the common 
plotting ſcale has inches divided by di- 
agonal lines into 100 equal parts ; 3 io 
that an inch anſwers to a hahn i 1n plot- 
ting, and the parts to links. *Tis all 
the ſame if half an inch, or a quarter of 
an inch, be divided into x00 equal parts; 
for they may be uſed in plotting : and 
always the ſmalleſt diviſions are uſed 
when the largeſt quantities of land are 
to be plotted down on paper, 

The field being plotted down, re- 
duce it all into triangles ; and meaſure 
the baſe and perpendicular height of 
each triangle, by your compaſſes, on the 
ſcale by which the field was plotted, 


ſetting © down the number of chains and 
links 


—— ä oe et 2 * 4 * 
-” 


links of each 3 as i 4 were 


all whole numbers of links. Thus 7 
chains, 24 links, are wrote down, 724 


links, and 5 chains, 9 links, are wrote 
down 509 links, and ſo on. Then 


multiply the length of the baſe of each 


triangle in links, by its perpendicular 
_ in links, and add all the products 


ther into one ſum ; which done, 


inde the whole ſum by 2, and the 


quotient will be the area of the held, 
in ſquare links of the chain. 

From the number of ſquare links 
contained in this area, cut off five figures 
to the right hand (becauſe 100000 
{quare links make an acre) and what 
remains to the left hand will be Acres; 
and thoſe which are cut off will be de- 
cimal parts of an Acre. 

Multiply theſe decimals of an Acre 


by 4, and from the product cut off five 


figures to the right hand; and what 
remains to the left will be Rada, as thoſe 
cut off will be decimals of a Rood. 
Laſtly, multiply theſe decimals of a 
Rood by: 40, and c cut oft five figures - : 
| tk E 


the kits to the 1 rig ht hand: and 
what remains to che left will be 
Perches, as thoſe cut off will be de- 
cimals of a Perch. 3 

And, by this Wethsdl the whole 
content 7 a field will be had, in acres; 
roods, and Perches. 


The diameter of a Circle being Ly given, 
1 find the fide of a ſquare whoſe area 
is equal to the area of the Circle: and 
the reverſe. 


As 1 is to 0.8862269, ſo is the dias 
meter of the circle to the fide of the 
ſquare, whoſe area is equal to the area 
of the circle. Or having found the 
area of the circle by Prob. 1. extract 
the ſquare root of that area, and it will 
be the fide of the ſquare fought, 

To find the diameter of es whoſe 
area ſhall be equal to the area of a 
given ſquare; ſay, as 1 is to the fide 
of the ſquare, ſo is 1. 128379 to the 


diameter of the circle required. | 
| F f | : 10. To 


| 
: 
| 
| 


10. 75 fund. FAR area or 1 cot 
rents of a Globe. 


Multiply the diameter of the globe | is 
itſelf, and the product by 3.14159; the 
laſt product is a ſuperficial content, in 
ſquare meaſure of fuch parts as the di- 
ameter was taken. 

The ſuperficies of any globeis onal to 


four times the area of its greateſt circle, | 


11. To find the ſuperficial content of a 
| Cylinder. 


As I is to the length of the . 


ſo is its circumference to the ſuperficial 


content of its convexity, to which add 


the areas, or two flat circular ſurfaces 


at each end (found by Prob. 1), and the 
whole will be the ſuperficial content 


required. 
12. To ad he ſuperficial content of a 


Cone. 


As 1 is to the oblique (not the per- 
pendicular) height of the cone, ſo is 


1 


half the cireumference of the baſe to 
the ſuperficial content of the convexity; 
to which add the area, or ſuperficial 
content of the baſe, and you will have 
the whole ſuperficial content of the 


o 6h was ruined. 


13, 25 2 the Ager ful on content of che E 
Fruſtum of a Cone. 


As 1 is to the oblique altitude of 
the Fruſtum, ſo is half the ſum of the 
_ circumference, at the top and bottom, 
to the ſuperficial content of the convex 
part: to which add the ſuperficial con- 
tents of the circular top and baſe, and 
you will have the whole Na 

of the F ruſtum required. 


. 


14. To ow the Aberſria content - a 


 Prifm. 


This may be found in all reſpects as 
in the Cylinder, regard being only had 
to the figure of the bale. 

© "FT 2 13. 
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1 5. To fund the fater felal content eof a 


2 n 


This is FI in all reſpects as ; th | 
cone, regarding the figure of the baſe: 
and conſequently the ſuperficial content 
of the Fruſtum of a Pyramid may Be 
found i in the fame : manner, 


16. To . Fa cn content f any 
of the frve Plgrenic bodies, 


As 1 is to the ſide of the Sen Pla: 
tonic body, 


C Fetredron, 


1.73205 }. uw. 
| 3.46410 32 — Ocaedron, - 
ſo is) 6.00000 > SZ & Hexaedron. 
8.66025 [8 8 8.8 Icoſacdron, 
& 20. 64573 . . 8 Dodecaedron, 


Or, as 1 is to the ſquare of the fide 
of either of theſe Platonic bodies, ſo are 
the aboye numbers in this propoſition, 


to the ſuperficial content of the * 
tive Platonic body. 


ö 4 6. The | 


a7 


17. . The Jiameter of a ſphere being given, 
zo find the fide of any of the Platonic 
bodies, that may be either inſcribed i in 
the ſphere, or ci reumſcribed about the | 
[phere, or that is equal 40 the ſphere. : 


As I is to RE: number in the follow- 

| ing Table, reſpecting the thing ſought, 
ſo is the diameter of the given ſphere 
to the ſide of the Platonic body fought. 


Fi — That may be I nat may be 1 at 18 e 
of a ſphere |inſcribed in | circumſcribed ou to the 
being unity, |the ſphere, 15 | about the phere, is 


| the fide of a | b ſphere, is 
Tetraedron o. 916497] 2.44948 | 1.64417 | 
Odacdron | o. 707 107 1.22474 1.03576 
| Hexacdron 0.577350 1.00000 - | 0.88610 
Icoſaedron 0.525731 | 0.66158 0.62153 
| Dodecaedron I 0.356822 0.44903 0.40833 _ 


18, The fde of any f tbe Is Platonic 
bodies being given, 10 find the diameter 
of a ſphere that may be inſcribed in 
that body, or ci reumſcribed about its | 
or that 15 equal 1 | 


As the reſpective number in a 
ee Table, under the title, Iaſcribed, 


Cz cum, 


— 
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C. ircumſcribed, Equal, is FR I 35 foi is che. 
ſide of the given Platonic body, to the 
diameter of its inſcribed, circumſeribed, 
or * ſphere, in folidity. | 


| 19. The fide of any of the for Platonic 


bodies being given, to find the fide of 
_ either of the Platonic bodies which are 
equal in ſolidity to that 5 the n | 
body. 


As the number = the title Equal, 
againſt the given Platonic body, is 
to the number under the ſame tle 


againſt the body whoſe fide is ſought, 
ſo is the ſide of 3 given Platonic body 
to the ſide of the Platonic body ſought. 


Rules 1 adi, the ſolid contents gl 


Bodies, 


1. To fud the ſolid contents of a Sphere I 
or Globe. 


Multiply the diameter of the ſphere 
twice into itſelf (which is cubing a | 
and 


Ty 


cod: the prod by 668256; the laſt 
product i is the Wa required. 5 


2. 75 find the fold content of a Spheroid is 


As 14 is to IT, G ü the ſquare of 


the conjugate diameter, multiplied by 
two thirds of the tranſverſe diameter | 
to * ſolid content requ ired. 


3. To find the falid content of a Cube 


- Multiply the fide of the cube twice 
into itſelf, and the * will be the 
we contents thereof, 


4- To To nd the fold contents of a Paralle- . 
= _ lopipeaon. | 


Multipl) y the length by the bread thy 
and the product by the depth ; - the laſt 
product will be the ſolid content re- 
quired. | 


5. To find the ſolid contents f a Pri n. 


Multiply the area of the triangular 


baſe by the beight of the Priſm; and 
* 5 the 


Tay 
the product will be the ſolid contents 
5 thereof. 


6. To find rhe ſlid c. contents * a Gris 
and alſo of a Pyramid. 


As 2 is to the area of the hots taken 
in any meaſure, ſo is the perpendicular 
altitude of the Cone, or of the Pyramid, 
to its ſolid contents, 1n the ſame mea- 
ſure. 


7. To find the ſolide contentsof the Fruftum 


of. a Cone, in cnbic meaſure. 2 


Multiply the diameters at top wad 
bottom into one another, and to their 
product add a third part of the ſquare 

of their difference : multiply this ſum 
by 0.5854, and the product ſhall be a 
mean area; which being multiplied 
by the perpendicular height, the laſt 
product ſhall be the ſolid content, in 
cubic meaſure, of the whole, in ſuch 
parts (as inches, feet, &c.) as the dia- 
meters and height were taken. 


8. 20 


wo a' P Hand. 


This is done in all reſp Peck as in the. 
Fruſtum of a Cone; | 87 having re- 
ſpect to the figures of its flat baſe and 
top, as they —_ be Ms: e 
hexagonal, Sc. 


9. To fad the fait Contents. of any 7 
| the fros Platonic bodies, 


As 1 is to the” cube of the ſlide af 
any of theſe bodies, ſo is o. 117851 to 
the ſolid contents of the 'Tetraedron, 
0.417404 to that of the Octaædron, 
I:00000 to that of the Hexacdron, 
2.181695 to that of the Teofaedron, 
and 7.663 199 to the ſolid content of 
the Dodecaedron. | 


10, To find the ll ca contents 1 any 17. 
regular body, even if it were a Gooſe- 
berry buſh, „ {you bave a * 


preg will fully hold it. 


Let the veſſel be filled quite up to 


the brim with water, and weighed in a 
G 2 balance: 


[; "2 26 5 7 

balance: then put the irregular body 
into the veſſel, till it be quite e 
with the water, and it will cauſe as 
much water to run over; as is equal to 
its whole bulk, This done, take the 
body out of the water, and then find 
how much leſs the veſſel weighs, than 
it did, when full of water, before the 
body was put into it. Reduce this de- 
ficiency of weight into Troy grains, 
and divide the number of grains by 
253.1828 (becauſe the weight of a cu- 
bic inch of common water is 2 5 3. 1828 = 
grains) and the quotient will be the 
ſolid contents of the body in cubic in- 
ches, which may be reduced. to cubic 
feet by dividing the number of inches 
by 1728, the number of 2004 chen 
in a cubic foot. 
IV. B. The outſide of "BY EY} muſt 

be wetted when it is full of water, 
and its weight taken, before the body 
be put into it; for otherwiſe, part 
of the water 1 the body cauſes 
to run over, when! it is immerſed, will 
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11. 20 7 fond the ſolid contents of a Git 1. 
ae 6 in cubic inches. r 


As 1 is to o. 74 bers watt to 
i 390) ſo is the ſquare of the dia- 
meter of the: Cylinder, taken in inches, | 
to the number of ſquare inches contained 
in the area of the baſe of the Cylinder: 
which number being multiplied by the 
height of the Cylinder, dikes in inches, 

gives the ſolid content thereof 1 in cubic 
3 inches. A £11 751 82 37 71 bs * 

Now, ſuppoſing the Cylinder to be 
hollow, and _ meaſures to be taken 
in the inſide; we may find how much 
it will hold, in Ale gallons, Wine gal- 
lons, Corn gallons, 9 buſhels, 

thus: 3 
Disiden che teontene in übst ahibes 
by: 28 j dhd'the quotien will be the 
number of Ale gallensg by 2315 and 
the quotient will be'the content in Wine 
e by 26808, and the qui 
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this difference by o. 7, and 
to the diameter at the oak; ; pe ot] 
Will (tic the mean diameter of the caſk, 
nearly, las if it were a cyline . 
the fame contents with that 
of the caſk: which contents may be 
_ in ba & g — Wine 8 
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2 pi; 
21 ing, To gauge a common Lat. 
> of a 827 : 


-the diameters at at the top 
u in inches) into on 
. toi their product 
third part of tl e ſquare of their, 
en multiply 


lons, Wine gallons, Corn gal. lons, or 
Corn buſhels, as abo. e 


Quantity of 9-3 nave Try 
in cubic Inches. 


: For ; tens: of ifeet-: hi 
detimal ts lone plade for i r 
hundreds of-ifeet;. two places 52 0 Hai 
Iſands, three places; and ſabno Then 
maltply;the ſums by the ſquare of the 
diameter of the — 0 
ducts will-be the anfrer, Far ft. Taran 
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Which 8 (801 70.6) of cubic 
3 being divided by 231, the num- 
ber of cubic inches in a Wine « gal on, 
gives 342.6 for the nu ber of al ns: 
and the reſpeRive weights les 422885. 89, 


—— — _— — — 2 . nd 
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mer non wit the k r by 16, give 
3521.29 for the — 1275 
. and 2 597. 5 for the number of 
Avoirdupoiſe N dunds, tl that the water 
in the pipe weighs.” 80 inuch power 
would be required to balance or ſupport 
the water in the pi pe, and as much 
more to work the en 7 as the e friftion 
thereof amounts to. 0 nb. 
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cue ber., 


iowa of water, or its — felt 9 20 
the working power, when raiſed to an 
given height above the ſu rface of the 
well, is in proportion to the height of 
the column, conſidered throughout, as 
if it were equal in diameter to that part 
of the bore in which wt T or 
bucket works. . 

The a ee or powed gaindd th. | 
the handle of the pump is the ſame as 
in the common lever; that is, as great 
as the length from the axis of the handle 

Fe . 0 


ir turns te der pump rod . 7 
fixed, for:liftingy 3 "Y 
In«theimaking 3 — 

meter-of - — 4 2 the bucket 
works; ſheuld be- propartioned to the 

height which: theo pump raiſes water 
above the ſurface of the well, as that a 
man of ordinary ſtrength might work 
all pumps equallyeaſy, let their heights 
be what they will. The annexed Table 
ſhews ho this may be done, and what 
quantities of water may be raiſetd inna 
minute by one man, ſuppoſing the 
handle of the pump to be a lever in- 
creaſing the power five times: 
IM. B. Aube quarto edition of m pbopll 
of — 755 laſt paragraph : 
and line 3 of I, in page 76 

for bucket read ſ urface ant the e 

in che well. 
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By the following Table, we may. ind 
how much of either of theſe weights 
is contained in any given number 

—— in the other. e , a gebe 


9 — | — — . 3 b We 
ol Avaid. Pounds, IIA. Troy pounds, | 7 


P. 5 
0. eee 1 141877 ws 
1.6456714285714286 2-43055585555556 
2.46857 1428571429] 3 3.04583333333333] _ 
329142857 14285724] 4.86111111111111 
4 11 4285714285715 5c b. 7638888888889 
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For tens of EH „ remove the 4 N 
cimal points one place forward; for 
hundreds of pounds, two places; for 
thouſand, three places; for tens of 
thouſands, four places; and fo on as in. 
the following Examples. 

When any fractions remain in the 
laſt ſum, reduce them to the known 
parts of a pound, by the common me- 
thod of reducing decimals to the known 
parts of an integer: remembering, that 
in Troy weight, 12 ounces make a 
pound, 20 pennyweight make an 
ounce, 


weigh he; 16 pn 88 a 8 | and. 
6 drams make an ouncę. Mg 
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the nudubers in the right: hand column, 
and reckon them to be whole numbers; 
and they will ſhew how many Avoir- 
dupoiſe ounces are contained in a cubic 
foot of each of the above bodies in the 
Table. „ > 
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| 33.488 | A borritane. 
49.200 I A hurricane that 51 I 
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To have a water- kill for 
corn, in the greateſt al gter 125 225 
tion, the Hoat-boards of the underſhot - 
 water-wheel, or the buckets of the 
overſhot water- wheel, ought to move 
with a third part of ns wher ” 
with the water acts upon them * 
when the wheel goes at that rate, e 
millſtone ought. to- make about 60 re- 
volutions in a minute: : for, when it 
makes but about 45 or 30, it grinds too 
ſlow ; and when it makes about 79 or 
75, it heats the meal too much. 

When the wheel turns round with a 
third part of the velocity of the water, 
the ates has then the ”ereareſt] power 
to turn the mill. ; 


On theſe pr inci iples 1 have calculated 


the following * Table, adapted to a waters 


wheel 18 — diameter; which, Ithinks 


1s a good common ſize. Au 
In the firſt column, find the. per- 


pendicular height of the fall of water, 
= - = 4. 
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of the dre — the apparent | 
Level and the true. 8 


When a plumb — hangs freely, it 
| hangs directly toward the center of the 
earth: and a right line, croſſing the 
direction of the i 5 line at right an- 
gles, and touching the Earth's ſurface 
juſt below the plummet, is a level at 
that point of the Earth's ſurface. But, 
if this right line be continued from that 
point, keeping ſtill perpendicular to 
the plumb line, it will riſe above the 
Earth's ſurface, becauſe the Earth is of 
a globular ſhape : and this riſing will 
be as the ſquare of the diſtance to which 
the ſaid right line is produced. That 
is, however much it riſes above the ſur- 
face at one mile's diſtance, it will riſe 
four times as much at the diſtance of 
two miles ; nine times as much at the 
diſtance of- three miles ; fixteen times 
as much at the diſtance of four miles ; 
and fo on. And therefore, if two le- 
vels are taken at two points of the 
1i 2 Earth 3 


[ 244 [Ed 
Farth's ſurface which are at any con- N 
fiderable diſtance (as fuppoſe a mile) 
from each other, the level lines pro- 
duced will interſect each other at a 
certain angle: and although either of 
them, ſo produced, will appear to be a 
true level, yet it can be ſo only at that 
point of the Earth's ſurface from which 
it was produced: not at any other. 

The height to which a level line, pro- 

duced from any given place, riſes 55 
any other place, is the height of the 
apparent level above the true at that 
other place: : the quantity of which 
height 1s ſhewn by the following Table, 
for all diſtances within the length of a 
degree of a great circle upon the - Earth's 
ſurface. There is a Table of the ſame 
ſort in Dr. LoxG's Aſtronomy, which 
differs but two inches from this (which 
I have computed) in the height of the 
apparent level above the true, for a 
hole degree, or 60 geographical miles; 
which are longer than Co Engliſh miles 


by 48840 feet. Tj 
By 


48755 the _ ewe busse f 
the length of a degree on the Earth'sfir 1 
face, the whole 360 degrees of the Earth's 
1 contain 1316 30400 feet, 
or 24930 Engliſh miles: which in 
hical miles (allowing 60 to a 

| 4 125 of a great circle) make only 
21600. $0 that, a geographical mile 
contains 6094. feet, bid exceeds the 
length of an Engliſh mile by 814. 
In the Table, a e mile 


which 1 have often thought ſhould be 


the univerſal ſtandard length of a mile) 
is called a minute, becauſe it is the Goth 
part of a degree; and the Goth Part of 
ſuch a mile is called a /econd. . = 
As the ſurface of water naturally an- 
| ſwers to the curyature of the Earth's 
ſurface (ſuppoſing no hills or eminences 
thereon) 'tis plain that if a long ſtraight 
channel was made, ſo. as to have its 
middle part level at any part of the 
Earth's ſurface, and the reſt continued 
out both ways in direction of an ap- 
went level from that place; if water 
ſhould come in at either end of the 
>: channel, 


» = 
q 
0 ——— 2 * n 4 
- 5 1 
by 
to 


channel, it 1 run to the middle 
thereof: and, if the channel Was all of 1 
an equal depth, the water would run 
over at the middle before the channel 
could be filled at both its ends. And. 
conſequently, ifa diſtant ſ pring appeared 
by a levelling inſtrument to be juſt on 
a level with the houſe, the water might 
be brought in a ſtraight channel from 
the ſpring to the houſe ; or in pipes, 


if there was an intervening valley ; be- 


cauſe the water will riſe in aka 
pipes, till its ſurface at both ends is 
equally diſtant from the Earth's center. I 
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By the — g Table, the Oy 
of an arc, in feet and inches, on the 
Earth's, ſurface, may be found; if its 


meaſure be known in minutes and ſe- 
conds of a degree. Thus, ſuppoſe the 
length of the are be 10 ſeconds, which 
Is the ſixth part of a geographical mile; 
its meaſure is 1015 feet 8 inches: and 
an arc of one minute of a degree, which 
is one geographical mile, is found to be 
609 feet. 
We may alſo find bow fur one can 
ſee 1 in a true horizon at ſea, when the 
eye is raiſed to any given height above 
the ſurface of the water. Thus, ſuppoſe 
the eye of an obſerver on a ſhip at ſea 
to be 22 feet, 2 inches, above the ſur- 
face of the ſea, he will ſee to the di- 
ſtance of 30470 feet all around him; 
or to the diſtance of 5 geographical 
miles: for againſt 2 2 feet, 1. 923 (Which 
may be eſteemed 2) inches, in the right 
hand column, is 30470 feet, in the 
middle column; and 5 minutes or geo- 
l miles in the firſt. 
| | K K * I gain, 
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ohio: ſuppoſing that a gentleman | 
was to make a canal in a piece of ground 
which is half a geographical mile 
long, and appeared to be truly level b by 
the common levelling inſtrument; this 
being 30 ſeconds of a degree, or 3047 
feet, in length, the height of the appa- 
rent level above the true, at that di- 
ſtance, is 2.659 inches: and ſo much 
muſt the farther end of the ground be 
ſunk, in order to have the ton 61s 
near the ſurface of the ground at both 
ends of the canal. 
Once more; ſuppoſe an 3 to 
have his eye cloſe at the ſurface of the 
ſea, and that he then juſt ſees the top 
of a mountain in the ſea, whoſe diſt; 
he knows to be juſt 60 geographical 
miles, or 365640 feet; the perpen- 
dicular height of that mountain, above 
the ſurface of the ſea, is 3191 feet and 

28 parts of an inch. 

If the diſtance of the mountain fo 
ſeen be more than 60 geographical 
miles, which is without the reach of 


the 


che T Rue AY its ia 1. may de 
found by the Table, in the following | 
manner; 
Bauppoſe the Hiftance af he mount 
to be 90 geographical miles, or a degree 
and an half, in a great eircle upon the 
Earth: take half the given number of 
miles or minutes, which is 4 3 and 
multiply the height of the apparent 
level above the true, at that diſtarice, 
by 4: and the product will give the 
perpendicular height of the N 
Thus, againſt 45 minutes vo haye the 
height 1794 feet, 11.763 inches; 
which multiplied by 4, gives 591 fee 
11.05 2 inches, for the height of the 
mountain above the ſurface of the ſea, 
According to tl the meaſures in the Ta- 
ble, a degree of à great circle upon the 
Earth contains 69; Rogliſh miles, 
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advantage gained i is always as -invely 2 ; 
the velocity of the moving power ex- 
ceeds the velocity of the weight or re- 
ſiſtance that is moved; making proper 
allowance for the richten of the machine 
or engine. 80 that, if the working 
power moves through a ſpace of ten, 
or an hundred, or a thouſand inches, 
whilſt the weight or reſiſtance moves 
only through the ſpace of one inch; 
the perſon who works the machine or 
engine (ſuppoſing it to have no friction) 
could raiſe ten, or an hundred, or a 
thoufand times as much weight as he 
_ do by his natural ſtrength without 
But the time that is loft will be al- 
88 as much as the power that is gained. 
The ſimple machines by which pow- 
er is gained, are fix in number, vis, 
the Lever, the I beel and Axle, the 
Pullies, the Inclined Plane, the Wedge, 
"and the Screw. Of. theſe fix ſimple 
machines, all the moſt compound en- 
gines are made: for we know of no 
other ſimple machines by which power 


can be gained. 


1. A lever 


— 


* A lerer is en lid over any op 
cher will ſupport the weight upon it. 
If the prop be under the middle 5 | 

lever no advantage i is gained by it; for 

as faſt as a man puſhes down one end, 
the power riſes on the other. To gain 
power by it, the length of the part or 
arm between the man and the prop 
muſt be greater than the length of the 
part or arm between the prop and the 
weight. And then, as much power 
will be gained as the length of the longer 
arm exceeds the length of the ſhorter. 
2. If an axle turns upon its gudg- 
eons, and is fixt into a wheel; and if 

a rope that raiſes the weight coils round 
the axle, whilſt a man pulls a rope that. 
was put round the wheel; the power- 
gained will be as much as the diameter 
of the wheel, added to the diameter of 
the rope, exceeds the diameter of the 
axle added to the diameter of the 1 
= coils round it. 

In the pullies, the power gained: 
20" —_ to twice the number of pullies 
In the lower block, to which the weight 
7 is 


leſs than the diameter of the wheel; 


86 


is is ſuſpended. $ that the power Seines N 
is always in proportion to the number 
of parts of the rope by which the — 
block and weight are ſuſpende c. 

4. In the inclined. plane, or half 
wedpe, the power gained is as much as 
the length of the machine. exceeds its 
thickneſs at the back, on which the 
ſtroke is given by. the ſledge or wallet 
that drives the machine. 

5. In the wedge, the power abet 
is as much as the length of both the ſides 
of the wedge, taken together, exceeds 


the thickneſs of its back, on which the 


blow is ſtruck by the hammer or mallet. 


6. In the ſcrew, the power gained 
is as much as the circumference of the 
circle deſcribed by the working power, 
that turns the ſcrew, exceeds the diſ- 
tance between the threads or ſpirals of 
the ſcrew. 

In the lever, the friction is nothing. 
In the wheel and axle it is as ſmall as 


the diameter of the gudgeons (added to 


the power required to bend the rope) is 


but 8 


but it increaſes waking to the weight 
with which the axle is charged. The 
like might be ſaid of the pullies, if they 
did not rub againſt one another, or 
againſt the ſides of the mortiſes in the 
block where they are placed. A new 
rope of one inch diameter, going over a 
pulley 3 inches diameter, and pulled 
with a force equal to 5 pounds, requires 
A force of x pound to bend it; anda 
rope two inches diameter requires four 
times as much force. In the inclined 
plane wedge, and ſcrew, the friction is 
at leaſt equal to the power, becauſe 
they will ſuſtain the weight in any po» 
fition when the power is taken off. _ 
Wood greaſed or metal oiled, have 
nearly the ſame friction; and the ſmoo- 
ther they are their friction is the leſs, 
Vet metals may be fo highly poliſhed, 
as to have their friction increaſed by the 
coheſion of their parts. 
Wood ſlides eaſier upon the ground 
in wet weather than in dry; and eaſier 
than an equal weight of iron in dry 


weather : but iron ſlides eaſier than 
. LI wood 


wood in wet a * or ſteel . 
running in braſs has the leaſt friction 
of any. Lead makes a great deal of 
© "Mb In wood ag upon woody 
greaſe makes the motion at leaſt twice 
as ealy. Wheel naves greaſed or tarrgd 
go four times as eaſy as when wet. 
Smooth ſoft wood, moving upon 
ſmooth ſoft wood, has a friction e qual 
to about a third part of the hight, i 
rough wood, the friction is almoſt equal 
to half the weight. In ſoft wood upon 
hard, or hard upon ſoft; the friction is 
equal to about a fifth part of the 
weight. 
In poliſhed ſteel moving upon po- ” 
liſhed ſteel or pewter, the friction is 
about a fourth part of the weight: on 
copper a fifth part, and on braſs a ſixth 
part of the weight. Metals of the ſame | 
ſort have more friction than different 
ſorts. | 5 
In general, the friction increaſes in 
the ſame proportion with the weight. 
The friction is alſo greater with a great- 


r 


3 but not io greats: in pas- 
portiva, as the increaſe of velocity. 
* To:have:t Elk iction of machines as 
little as poſſible they ought to be made 
of the feweſt and ſimpleſt parts. The 
diameters o the wheels and pullies oug 
tobe large, and the * of e = 
axles as ſmall as can be conſiſtent with 
their required ſtreugth. The ſides of 
the pullies ought not to be all over flat, 
but to have a ſmall tiſing in the middle, 
to keep them from rubbing againſt each 
other's ſides, and againſt the ſides of 
their mortiſes, at a diſta 
axles. All the cords and ropes ought 
to be as pliant as poſſible; yan for that 
end, rubbed with greaſe. The teeth 
of the wheels ſhould juſt fit and fill the 
openings, ſo.as neither to be ſqueezed 
nor ſhake therein. All the parts which 
work into or upon one another ought 
toł be ſmooth, the gudgeons ought fu 
to fill: their holes, and the working parts 
muſt be greaſed. The rounds or ſtaves 
of the trundles may be made to turn 


about upon iron — fixt in the 
* round 


nce from their 
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round end boards, which will take oA 


great deal of N 011 

Let the ſtrength of all the * in 
proportion to the ſtreſs they are to bear; 
ſo as they may laſt —— well. He 
is by no means a perfe& mechanic who 
does not only adjuſt the ſtrength to the 
ſtreſs, but alſo contrive all the parts to 
laſt fo as that one * not fail dan 
another. 20 28 

When! any motion is to biene con- 


tinued, contrive the machine ſo, as that 
the working power may always move 


or act one way, if it can be done. For 
this is better and eaſier performed than 
when the motion is interrupted, by the 


power's being forced to move firſt one 
way and then another; becauſe every 


new change of motion requires a new. 
additional force to effect it, and a body 
in motion cannot ſuddenly receive a 
contrary motion without great violence, 


and danger of tearing the machine to 


pieces. But, when the nature of the 


thing requires that a motion ſhould be 
ſuddenly communicated to a body, or 


ſuddenly 


fuddenhy \Naptz, 10 5 
ſome pri g, to prevent the machine's 
7 amaged by a ſudden ; Jolt. GC] L off 
hend machine is — by two 
| handles or, winehes on the ends 5 an 
le the handles are ſo lac ” as that 
when one is up the other is downs 
which is the = way poſlible of pla- 
5 cing them, ſaye that — their being both 
up or down together. For, when a 
— ght by means of turning 
a winch, he loſes half his force wh 
the winch is upward, becauſe he/puſhes 
| himſelf as much backward as he en 
the winch forward; and when the handle 
of the winch is down, directly below 
the axle, he loſes half his force, becauſe 
the winch pulls him as much toward it 
as he pulls it toward him: and there- 
fore, the greateſt effect of his force on 
the machine is when he either pulls the 
winch upward, on the ſide of the axle 
next to him, or puſhes it downward on 
the ſide fartheſt from him: yet, even 
in theſe caſes, the pulling force is ſtron- 
Ser than the pulkiog: . 


in 


N | 
j J 
4 
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In ecider to remetly... this 2 ect, as | 
auch as poliibley-the handles ſhould 

be ſo placed, as to ftand at right angles 
to one another: and then, when there 
is a man at each tandle; tho eta of 

the one man's force will be greateſt | 
when the effect of the other man's ie 
leaſt, upon the machine. Whereas, in 

the — 9 ar nuf placing theſe han- 

dles, when the effect af one man's force 
is the greateſt, the other man's is ſo too; 
and when the effect of that man's force 
is the leaſt, ſo alſo is the other's; which 
is a at the ns: 5 
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4 >. "WH ay of honing. dow = 
Suns  Declination right, againſt the 
days of the. months, either on a circu- 
lat or refilineal 5 caſe, nd e 


The "TY Jedlination, Side on 
man) accounts; and remarkably 1 in 
thoſe kinds of Sun<dials which are ſo 
conſtructed, as that * may be ſet 
5 tte, 


becauſe, wan — are — —_ and 
have. the Sun * Gon laid down on 
their ſtiles, the dial itſelf being a circular 
plate placed on the middle of the ſtile, 
and at right angles thereto ; if the dial 
be turned about till the ſhadow of the 
circular plate touches the Sun's decli- 
nation for the given day, the dial will 
then be truly placed, and the ſtile (which 
will be in the plane of the ' meridian) 
will caſt a ſhadow on the true ſolar time 
of the day. This is the caſe in M. 
Pardiè s univerſal dial, which is one of 
the beſt 1 know of; and which the 
reader will find particularly deſcribed in 
my Mechanical Lectures, fold by Mr. 
Cadell, Bookſeller in the Strand, eds 4 

There are Tables near the beginning 
of this book which ſhew the quantity 
of the Sun's declination at the Noon of 
every day of the ſecond year after Leap 
year, which is the neareſt mean of all 
the four years. But, as the declination 


very * comes to integral degrees 
at 


* a * * 9 5 a [Fs TY 
- ; * s : ” 1 bo * 
2 "SO MENS ; 
N 1 
N * 


arN6on, it is difficule by the e Tables 
day the 


to know at what time of the 
declination will amount to compleat 

degrees without fractions; and conſe- 
quently it is difficult to lay down the 
whole degrees thereof againſt the pro- 
per times of the days of the year, in a 
ſcale of months; although e every day 
in the fcale ſhould be divided into four 

equal parts, each whereof contains 6 
hours. 

To avoid this difficulty, I have cal 
culated the following Table, for ſnewing 
the times, to the neareſt hour of the 
day, when the Sun's declination amounts 
to compleat degrees without fractions. 
Thus, ſuppoſing it was required to find 
on what days of the year, and at what 
hours of theſe days, the Sun's declina- 
tion was juſt 9 degrees? Look for 9 
in the declination columns, and a nid 
it you will find April 12, at 16 hours 
(reckoned forward from the Noon of 
the day) Auguſt zoth, at o hours (or 
at 2 Ocober 6th ; at 3 hours paſt 

Noon, 
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| Noon, and Fon: 2 5th at I hour w- 


Y Noon. Wk 2 To 925 IS 27 MITT 
Now, if WES E hs of WR year 


| be laid down on à ſeale, and each day 


be divided into 4 equal parts thereon, 


In ſhorter ſtrokes than thoſe which mark. 
the Noons of the integral days; each 


ſubdiviſion by the ſhorter ſtrokes will 
repreſent ' 6 hours, and any one may 


truſt to the accuracy of his eye in | 
placing the diviſions for the whole de- | 


grees of declination at or between theſe 
ſubdiviſions of the days, as they are 
ſhewn by the Table to be at o hours (or 


* 


Noon) 6 hours, 12, or 18 hours after 


Noon; or at any time ſooner or later. 


Mm 


5 \ 8 
es . my, 
8 15 2 N * 0 
x { : 
F 8 , 7 2 
n * 
a * 3 


= © Bs 85 
J 1 * 5 C 1 f v OS #7 
4 L4 iu 3 4 F 18 * 


A Table f 33 as what times the Sat 
declination is "whole ; degrees, and wh 


Raus in the Had at err e 


Var NPR: 7 Rona Der en 
clination in the || 8. | Clination | 5 
z | in | Ecliptic. || z | *reaſe | Eclipte. 
S.- © 3 
eee n 
Mar. 20 [ o of 53 une 21 5 © . of. 
I 22 18 2 33[| 23 [Joly 3 11 11 19] 
* "i Bp, 5 2f| 227 12 2 19 01 
3 27 20 7 331] 21 V 
4 O 10 10 40 23 12 K& o 52 
5 Apr. 2 11 12 3919 38 24 5 131 
6 4 14 15 121/18 | Aug 1 4} 9 9 
2 3 17 491] 17 5 0 12 431 
8| 9 23 20 27116 8 13 16 14 
"87. 12 10 23 71015 11 23 19 29 
10 15 11 25 50114 oY 2237 
11 18 7 28 3713 18 5 3 
12 n 1 9 28 33 
13 24 7 4 22011 24 7j\R 123 
14 27 8 7 235] 10 27 4 4 10| 
15 30 13 103109 30 0 6 53 
16 May 3 23 13 46]| 8 [Sept. 2 8 9 33 
17 I val 41 12 11 
18 11 7 20 511} 6 T4 14 48 
19 = Re, 24 471] 5 9 18] 17 21 
20 we a9 $1 4] 1 9 19 55 
21 —_ Ht 4 413] 35-0 22 27 
8 7 10 4|| 2 17 13 24 58 
23 |June 9 7, 18 411] 2 20 3 27 27 
4 21 519 E ol: © 22 17] > © © 


\ Veen 1 Na 
1 3 : 8 3 0 * N 


* 1 


4 


65 


o NO 00 0 


i Sogth | De- 
Fd 


* 
4 $44; 


[Sun , — 
in the 1 


* 


* 4 au 


2 8 


Mon, D.H. 


- Fan? 25%, w * fs - 

a bd ;/ 4 — 
* 

2 wh ” 

\ 


1 68 0 8 N 
A Table ſhewing. the: 862 and E 


gitudes of a great many 7 remarkable. 
Places; and what the times are at 
London when it is Moon at thoſe Places. * 


N. N niſies North. Latitude, Re > i . 5 


Z * Eaft Long us ha 
London: F. Forenoon, and A. Af 


es Longitude, from = an 


lernoon, at London. i a. SOlgif x 
. Noon at x | Latitude, Loigitade. Time at wel 
[EE 8 TTT 
Aberdeen | . 457 10 N. 1 45 W. XII 7 A. 
rn N 2 30 1 
' Adrianople © 42 26 30 E. X 14 F. 
Aleppo | © * N. 3. 40 E, 1K 29 F. 


; -Algiers ; | * 36 10 N. 0 E, x 47 
Am̃ſterdam 52 20 N.] 4 30 EXT 4• F. 


Annapolis Royal 45 00 N. 64 oo W. IV 16 A, 
Archangel 64 34 N. 39, oo E:HIX 24 F. 
Aſtracan 47 o N.] 50 oo E. VIII 40 F. 
Azoph 447 15 N. 44 oo EjlIX 4 F. 
Baglse 3 20 N. 4F 00 ENIX 8 E. 
Barcelona 441 20 N.] 2 oo E. XI 52) F. | 
"Baſil I 47 49 N.] 7 40. E, Xt” 29! K. 
Batavia [© 6 00 S. 105 00* E. TV © 55 F. 
Bencoolen 4 00 8, 101 oo E. V 16 F. 
Bertjo :-* ' [52 33 N.] 1 ge, EJXT' 6! F. 
==... N..0-E1Xt--.qz 6... 
Bologna 144 29 N.| 11 26 E|[XI 14 F: 
Bombay 18 30 N. 72 oo E. VII 12 F. 
Boſton 42 24 N. 71 oo W. IV 44 A. 
Bridge Town 13 o N.] 59 oo W. III 56 A. 
Briſtol 51 30 N.] 2 40 W. XII 1I A. 
Bruſſels 51 oo N.] 4 6 E. IXI 44 F. 
Buda [47 40 2 19 20 E. IX 13 F. 
Buenos Ayres 34 35 8. 8 26 W. III 54 A. 
Cadiz 36 31 N. 5 56 W. XII 24 1 


Cairo (grand) 130 2 N. 31 31 E. IIK 54 
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| andy, i in Coles. ; 8 
Cape good e, 3 85 8. 18 35 
DOantod 8 25 N. 112 30 
| Cape Horn 57 
Carthagena */ x 21 00! 
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_ Charles Town. ＋ 432 
| — a 41 
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IX 38 E, 
VIII 28 F. 
88 80 A. 
XI 216 
XI 48 
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o rn 
K me NJ 388 
* 


Soo Drape 


Leyden „ * [32 32 N.. 
ina f © iS V 24 K. 
Lion - j38 42 N. ig XII 3% A, 


liver ” EF I 


rere. Pp ares 
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RY 


Lon Don 


Louiſbourg 
Madrid 


Mahon Port 


Malacca 
Malaga 
Mantua 
Mecca 


Mexico, America | 


Milan R 
Moſcow 5 
Nanking 
Naples 
Norwich 
Nurimburg 
Ormus . 
Oſnaburg 
Oxford 
Palermo 


Peterſburg - | 
Philadelphia 
Plymouth 
Pondicherry '' 
Porto Bello 


Port Royal, Jam. | 


Portſmouth 
Prague ; 
Preſbdrg 
Quebec 
Rhodes 
Rome 
Rotterdam 


a TimentLondon. 


FE 
K in 
50 W. XII 15 2 fx 
6 E. XI. 44 E. 
9 E. V n | 
45 W. * 2 
30 E. 1 | e - 
38 W. TY 54 K. 
28 E. XI 22 F. 
31 E. + WM 29 F. 
30 E. IV N E. 
. AI 5 8K. 
26 E. XI 54 
9 E. XI 153 | 
00. E. VIII 16 F. 
40 E. XI 29 F. 
15 E. XI. 358 F. 
OO, E.| XI Se. 
2 E. XI -50- E. 
28 E. IV N 
10 W. XII v. - A. 
20 E. IX 8B. 
oo W. IV 56 A. 
27 W. XII 18 A. 
$3; E. VI 40% . 
55 do W. IV. :&:A. 
1 6 W. XI 6 F. 
I4 20 E. MAI. a. 
» 30 E. 5a F. 
69 48 W. IV 39 A. 
28 OO E. X n . 
12 30 E. XI 10 F. 
4+ 0 E. III 43 T. 
15 W. XII 5 ＋ A. 
66 0 E. VII 36 F. 
Seville 


Williamſb 37 20 N, 76 30 W. V 5 A. 
ds o 15 N. 4 N E. xI 51 „F. 
, Exglaud ' 544 O N.] o 50 W. XII * 41 
New York, Amer. 41 oo Ni 72 go W. IV 50 A. 
Zell 52 5 N. 10 00 E. XI 20 FE. 


: Wheieve x I; is foons in this Table, 
it is to be underſtood to mean Mid-day, 
or Noon, at London; and the minutes 
which follow it are che number of mi- 
nutes after Mid- day, at London, whe 


it is Noon at the n againſt, _ 1 
is found. 


Beſides theuſscf this Table i in ſhew⸗ 
ing the Latitudes and Longirides of a 


3 great 


y = * 1 Tov 1 8 8 I EF} 2 
CY 1 c 1 
\ 
"AA * 
; : . ; , | 
1 : % ; 
LY 2 Fi 
— Ty 2 
0 «92 ny 
4. N 8 2 3 
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oreat number of n is uſeful to 
thoſe who make Sun-dials: For, if a 
dial be made for the Meridian of London; 
and as many places as the artiſt can find 
room for, be marked on the dial, againſt - 
the like hours which front them in the 
Table; the ſhadow of the Stile will fall 
upon theſe places when it is Noon at 
them reſpeCtively. | 
And, at any time . the Sun 3 


on the dial, if the time thereon be count- J 


ed from the ſhadow to any given place, 
it will ſhew the time then at that place; 
which time will be before Noon, if the 
ſhadow be not come to the place; or 
Afternoon, if the ſhadow be paſt the 
place; juft as much as the interval on 
the dial is, between the given place and 
the ſhadow of the Stile. | 
If the dial be made for any 1 | 
whoſe Longitude is Eaſt from the Me- 
ridian of London, all the places to be 
marked upon the dial muſt be ſet for- 
warder than the hours which ſtand 
againſt them in the Table, by four miQ- 
nutes of t time for ever degree: of Longi- 
tude 


tude that "a NT has e w 
dial. is to 1 — But if the Longitude 
of the place for which the dial is made 
is welt from the Meridian of London; 
all the places zarked on the dia! 
muſt be ſet ebe ee, the times 
againſt which they ſtand i in the Table, 
by four minutes: of ti time of e 


£ theſe . 1 : 
which will be ſooner or later than at 
e place of the dial, according as the 


| Longitudes of thefe places are Eaſt Wei. | 
Weſt From the place of the . | 
: Nau A Table 


£: > 
** F an b 4 * 
; ; 5 „ 
3 * e 


we wh 


* "7 


une LY bo; 


; e * : 
Landon Pond, rere, 1 
* 9] am 14 472 > Lou * 3 757 
Ab Wie 5 . g 1.1363 
eo i Vf} 77; 5.0 ee 
en e 1.1235 
Bourdeaun 15.5989 Prague 1.2048 
Bologna o. 8 Plecentia f 0.72 
2 7 en . r * 
Bru $11. nord] Rochelle 0.8928 
? ' * &" FF 4 
SQlabria f J Reme , 9.7824 
Calais 989345 Roden 1.1089 
:Dieppe 7 357 Hege wt 89252 
"Dantzic , 0.862 Tholouſe, *. 0.8928 
Ferm f 713351 40.753/{Rown 2 1: | 20088 
Flanders | . ©9433] Venice ; 1.06 
Geneva I. oven! 03997 1.23 
N . * — * 1 k | 
rs ö 290! DN 4, 12 35 nd ie ? 


Inches. 


Engliſh foot 
Amſterdam 
Paris 
Rheinland 
Scotch 
Dantzic 
Swediſh 
Bruſſels 
Lyons 
Bononian 
Milan foot 
Roman palm 
— palm 


* p 


1.9000 


1 74 E wt & 2 


4 Table for gebe Engliſh A 


© dupoiſe Pound uhh Lid 45 bat 
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* 4 PP of 


| Table 3 comparing he E oy h Foot | 
with Foreign meaſures, in Ex iſh 


Inches. 
12.000 
11.192 
12.788 
12.362 
12.061 
11.297 
11.692 
10.828 
13.458 
14.938 
15.631 
8.779 


| 


Engliſh os 
Engliſh ell 
Scotch ell 
Paris aune 
Lyons aune . 
Geneva aune 
Amſterdam ell 
Daniſh ell 


Swediſh ell 
Norway ell 


Seville vara 


Madrid vara 


Portugal vara 


9417 


2 


Inches. 
45.000 
46.786 
46.570 
| 44+-760 
26.800 
24.930 
23.380 
24. vo 
3-1 
Br 
44-031 
Antwerp 


2 0 b Porto e 307 24847 
601 Old Roman reel? nn. 632 


— ry 5 Perfian arm 

ruges e 7.556 Perſian ariſn 38.36 
— . 200 The ſhort pike |] Y 3555 
Romiſh brace of Conſtantinople 1 0 25.576 
Florence brace The . * 7 920 
at. and 3B SY, Gold and Saver 


Coi eins. 


ax Troy pode of gold is worth 18 | 
pounds I4 ſhillings and 6'pence : for 
44 guineas and an half are coined from 
each pound at the —_ 7 x 

A Troy ounce is worth 3 p 8 
17 ſhillings and 10 pence 2 Kab; 
and a grain 1s worth 1 penny 38% far- 
things, in coinage ſtandarxe. 
A Troy pound of Silver” 1 
| ſtandard) is worth 3 pounds 2 ſhillings 
an ounce is worth 5 ſhillings a 2 | 

pence; a penny weight i is worth 3 pence 
and th parts of a farthing; and a * 
is worth about half a farthing. 

AF ive-moidore Piece weighs 1 I ounce, 
14 8 15 grains. A 3 
pound 12 ſh. piece weighs 18 penny- 
weight, 12 On. A Guinea 5 pen- 
nyweight, 9% grains. A Moidore 6 

wre Nn 2 penny 


penny 1 22 2 gr ains; ; and a aa, 
4 A oh ains. OD 


The FI of Aly i | A Obs «Ps, n 


The ſtandard of ſterling ſilver is 11 
ounces 2 pennyweight of pure ſilver, 
and 18 pennyweights of copper. 

The ftandard of ſterling gold is 11 
Troy ounces of pure gold and 1 ounce 
of copper for alloy. = 

Our gold is of equal fineneſs with the 
8 ere French, and Flemiſh; but our 
be coin has leſs alloy in it than 
Either French or Dutch, ” 


Few) jp . a to Engl 1 Try 
weigh, 4 


A Shekel, 9 ke. 2.57 
grains. An Ladd Shekels, or 3 lb. 
9 OZ. IO p. w. 17 grains, make a 
Manch: and 50 Manches, or 109 Ib, 
8 oz, I 5 p. W. 10 gr. make a Talent. 


Fewiſn 


* 2 7. n * . 0 
5 g U % * ” - 
o& 6 8 8 * 
p { 3 
i Us 
i | e *#- &7 A" 5 
4 b I L I 2 


Jovi -meaſare 3 1 Engh jo 
e 1 


A Cab, 2 An omer, 
pints. A Seah, 1 pork 1 pint. Tha 


Ephah, 3 pecks 3 pints. A Lethech, 
16 pecks 3 and an Homer Choron 32. | 


A Log, 3 3 ofa plat, A Cab, 
3 pints. A Hin, 1 gallon 2 pints A 
Seah, 2 gall. 4 pints. A Bath or Ephah, . 
7 gallen 4 pints. A Coron, or Homer, 
7 5 palions 5 pints 3 all in wine — 


ve. money reduced to Ex i . 


A Gerah, 1.364% A Bekah, 1 . 

1.7 d. A Shekel, 2 /b. 3.37 d. A Mina, 
60 16 s. 10. 5 d. A Talent of files, 
342 J. 35. 9 d. A Shekel of gold, 1 J. 
16 6. 4. A Talent of gold, 5475 J. 


2. 4 Table 


Table ſhowing the — 18 n, 


F money, frum u Million to a Pound, 
for any number of 8 at N rate 
4 1 nere. 


Dum. I. 25 d. q Sum. . 7 . & 
— j —— — rn — | 
10000002739 14. 6 0.99 | 1000 2 14 : p 
go0000| 2465 I5 © 3.29 gooſ2 9 
 Booooof219] I5 7 1.59 | 800] 2 3 
70 1917 16 1 3-89 700| 1 18. 
6000001643 16 8 2.19 || 600 1 12 
| 500000 1369 17 3.49 || 5001 7 
400 1095 17 9 2:95 | 400] 1 1 
300000] 82118 4 1.09 | 309] 0 16 
200000 547 18 10 3.40 200] O 10 
109000 273 19 5 1.70 | 1000 5 5 3.15 
goooof 240 11 6 o. 32 2 +4 11-5571 
8ooo0 219 3 6 00.96 || 800 4 4 2.41 
70000 191 15 71.59 7000 3 10 o. 11 
500000 164 7 8 . 22 600 3 3 1.81 
5o000| 136 Ig 8 2.85 ©} 0-2” 8 yogi] 
8 40000 109 11 9 1.48 || 40 0 2 2 1.21 
30000 82 3 10 o. 11 3000 1 7 2.90 
| 20000} 54 15 10 2.74 | 200 1 1 o. 60 
10000] 27 7 11 1.37 100 o 6 2.30 
gooo| 24 13 1 3-23 | 90 o 5 3.67 
| sooo] 21 18 4 1.10 80 © 5 1.40 
7000 19 3 6 2.96 710 0 4 2,41 
6000 18 8 9 g. 82 610 o 3 3.76 
5000 13 13 11 2.58 510 © 31.15 
go: 20-10 20-80-31 -. 440 0 2-242 
3000 8-4 4 2:41. þ 310 o. 1 3.80 
2000 7 8.4% 81 x.26 
1000 2 14 9 2.14 40 0.50 352 


Multiply 


r, and the 


* „ th oo 


—— — oe —— 
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| given ſum." 2] 


Multiply d the * by PR number of 
he product thereof by the 

rate of Intereſt per Cent. then cut off 
the two laſt figures to the right hand, 
and enter the Table with what remains 
to the left againſt Which numbers col- 
lected, you have the bt for 8 


Y E XA] PL = 1 7 p 
2 V. Bat ol the. "Inte 
br 365 . 1 


Sg Y * per eft. . | 
9 > re! 001% PHT $1 
| VE by F: © 100l, | FORT: Wo 

The product i is od 11 48 „ 

which multiplied by 5 Rate per Cent, 2 

„5 0 0 makes 1 7 N ; 25 
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- TE 14 9 8.14 
o 2 a0 || + 
* E 77 i 7 
85 e Ho 34 446+: : 
[+1 0 1825 Aꝛſab. 5 Do od . 
ut 5 n and in the Aa wy 
* intereſt of. any other given 1 num- 


ber of pounds may be found tor Al * 
iven number of days. 25 | 75 
The decimals are en — a 
farting, 
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1 he fe 2 — E e 
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=. EN. FER & ound, or a0 Shilli: 
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S N Fi nl 2 of Nen, 
1s | — 4 Standard Sil- Silver rd 
= [1066 _ gy — 5 
I 108: | 20 — ot. o 2. 
DS 8 41 210 181 21 4 wi PW. E 
. 11 18 | 111 " 
S [13 0 81 20 © 5 0 
2 41 47 11 2 18 20 5 Ix O 5 
2 544: as ies Ts 2 1117 1 
S< 1395 6 11 2 o 181 2 Yr 0 
— S 141 | 8. 0 5 N 
. 11 20 1 | Ki 12 O 
28 1422 [11 210 8 32 0 
8 — 2. 
14257 22 210 30 0 10 0 
2 .. | 18]. 3 | 8 © © 
A [14465] 9 e f 
| S 1401 18 30 0 8 we 
V 1464 F £ ; ( 8 oO x 
1 © [148 11 Flo. | 
Y 211 3 | i | 18 37 6 
ST 49493 | + 6-8 + 
32 1 2ſ 18 | 
[> .5 8 * m1 6 16 
I = 5 |'6 oj6 Of 48 | a 
| 2 1540 0 98 15 
ts | oj; ns 
E [1548 4 8 of 48 3 
22 % 1549 8 6 I Q | | 
Eis 0s of 3 
| 'S ci | 3 0 72 
11553 09 © = 
\B [1560 r 3 616 
| 91 60 3 6 16 
1583 111 20 8 Oo 4 = | 
t 2% 18 6 o |. 0 
: og. = 4 0 © 
1627 
ward 3 
1671 7158 2] * „ i 
1685 Fre . 18] 62 © FL 
«1 1720, 4 Hy : 3 17 10 
— < 11764 ö 
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From A. . 1000 to N price * 5 


a Yi horſe ; il. 175. 6d.—of an ox 75. 
6d. —of a cow - 65,—a ſwine 26. -a 
ſheep 1 5. 3 d. wheat, — unter, I . : 
a 
From A. D. 1066 to 1199, ies 
of a horſe 125. 5 d.—an ox 45s. 8:d,— 
a ſow 35.—a colt 25. 4id.—a calf 25. 
4; A. —a ſheep 15. 8d. aber 15 Jure 5 
_— "= - | 
From A. D. 1199 to 1307, a a horſe 
10 115. —an ox 1 J. os. 7d. a cow 175. 
o:d.—a lamb 45. —a heifer 2 5. 12d. — 
aſheep 15. 7:d4,—agooſe 15. © od. —acock 
4:d.—a hen 3d. eat, Per PRES 
11 38. 25 Fa ; 
From 4. D. 1307, to 1418, an ox: 
2 J. 6s. 1 4 —a horſe 18s. 4d. a cow 
75. 2 d. —a calf 45s. . ſheep, „ 
7d. a gooſe d. a cock 32d -a hen 
23d,—ale, per gallon, 71d. wages of 
a common e 4;d.—wheat, 
mu quarter, I5s. 

From A. D. 1418 to 1524, a horſe 
21. 45.,—an ox 1/. I5s. 8:4,—a cow 
154. the colt 4 8d. —a ſheep 5 5. 


ron a hog 


L 283 
a hog $8.2 calf 45. 1 4,—a cock. 34. 
a 2 2 d,—day-labourer's wages 32 d. 
—ale, per gallon, 2{d.—wheat, 1 | 
quarter, 11s. 3 d. _ 
From A. D. 1524 to 1604, price of 
| a horſe uncertain—of an ox 1 J. 16s, 

7 d.—a ſheep 45. 31d.—a lamb 1s. 

41 d.—a gooſe 15,—beef, per ſtone, 
11 d.—wheat, per quarter, 151. 

From A. D. 1624 to 1646, a gooſe, 
2 5.—4 pullet 15. ay —a turkey 35. 
9d,—a pheaſant 5s. 64,—a partridge 
15. —a pigeon 6d. hens, per n 

11. 195. 34d. 

Prom £ D. 1730 to 1560, price 
of a horſe 100. —an ox 8 l. —a cow 7 I. 
76. —a hog 11. 156. —a ſheep 10. 63.— 

a turkey 4. a cock 2 Is. 3d. 
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The preſent Value of Annuities, (b 
The moſt common Rates of INTER EST. 
By Mz. DE MOIVRE. 
| TABL E 


'F 286 1 
Tanz J. 


The 1 Value of an A of one 
Pound, for any number of years not 
exceeding 100, Intereſt at 3 per Cent. 


1 a. 


Value. - Value. 


Value. | 


o. 9709 260 77.8568 
1.9135 |27|18.3270 


— 
8 
51 025.9512 76 29.8076 b 
52 26.1662 77 29.9133] 
2.828628 18.764153 26.3750 78 30.0100 
3.717029 19.1884 54 26.5777] 79 30. 1068 
4.5797 30 19.6004 55 26.7744] 80 30 2008 
5 
57 
58 
59 
60 
61 
62 


5.4172 31 20,0004. 26.965 5 81] 30.2920 
6.2303 32 20.3887 27.1509 8230. 3806 
7.0197 33 20.7658 27.3310 83 30.4656 
7.7861034 (21.131859 27.5015 8430.5 501 
10 8.5 302 3521.487260 27.6756 85 30.6311 
11 9.2526|30|21.8323 27.8404] 86 30.7099 
12 9.954037 22.1072 28,0003 87 30.7863 
13|10.6350|38| 22.4925 |63|28,1557| 88| 30. 8505 
14|11.2901|39|22.8082 | 64|28.3065| 89| 30.9325 
15111 -9379|49 23.1148 |65|28,4529| 90 31.0024| 
16{12.5611]41|23.4124 | 66|28.7950| g1| 31.0703 
1713.161142 23.701467 28.7330 92 31.1362 
1813.753543 23.98 1968 28.8670 9331. 2001 
1914.323844 24.254369 28.9971 94| 31-2622 
2014.877545 24.5 187 70 29.1234 95 31.3224 
2115.415046 24.7754 7129. 2460 9631. 3809 
2215.936947 25.047 72 29.3651 97131-4377 
2316.443648 25 2567 | 73] 29.4807 98 31.4928 
2416.935549 25˙5017 [7429.592999 31.5463 
2817.413150 26.7298 [720.7018 [100 [31.5984 
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The Value of the Perpetuity is 333 Years Purchaſe, 


TABLE 


The 
Doum 


Ms U. 


preſent Value of an SIAN of one 
nd > for any number f Heuss not 
exceeding” 100, [ ntereft at 34 per 


The Value of the Perpetuity is 285 Years Purchaſe: 


TazLs 


why 4 Li 1 
— ®, 
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E R A ů̈ẽůS⁊ͥmm e K „%% ĩ 
þ S 1 N Ln * ! 


9 2 : i \ 
. HE! N 5 
2 Value. H Value. Value. 
1 O. 9662 25 1 6.8904 | 3 00-4798 
2 1.899228 [7.2854 177.5500 
3 + 1 28417:6670: 7826.6 190 
41 3.673129 18.0358 31579126.68 50 
54.5151 35 18.3920 8 7488 
6 5.3286 31 [48,7363 56 8 126.8104 
. 7] 6.1145] 32119;0689|57|2 826.87 
8 6.874 3319.390258. 8326.9275 
'9| -7-60774 341 19:7c07 | 59] 24-8178] +84127.9837] 
1 8.31664 35 120'0007 [60] 7 [27-0368] 
11 9.001536 f 20.290561 | 27.0887] 
12] 9.6633] 37 [20.570562 27-1388 
13110. «3927438 20.8411 63 27.1873 
14 10.920; þ39 [21402864 8927. 2341 [A 
I5111.5174149141-3551195 | 90127-2793] 
[16[12.0941|41 [215991 27.3230 
130 6513[42|21:8349| 67 27. 3652 
181 13.1897, 43|22-0627| -93| 27.4060} 
19] 13.7098 [44 |22.2928 94127-4454] 
20] 14-2124 [45 [32-4955 27.4835 
2114.698046 22.7009 6127-5203] 
[22] 15-167Þ[47 22. 8994 -97127+55584- 
2315.520448 23.0912 q 27.5002 
2416.058449 23-2766 99 27.5234 
25116.4815}50[23-4556 27-0554 


TABLE III. 


The pr ent Value of an Aon of wii 


Pound, for any number N _ 


100, 1 ar 4 per Cent. 


) D On + wn - D* 


_ 


„ 


o. 9615 

1.8866 
2.7750 
3.6298 
44518 
52421 
6.0020 


| 


17+4353 
8.1108 


11 8.7604 


9.2850 
9.9856 


4 10.5631 
511.1183 
611.6522 


12.1656 


12.6592 


19 13.2339 
13.593 


| I 5.2469 


Value. 


6.7327 


Value. 


15.9827 
16-3295 


816.6630 


16.9837 
17.2920 


17.5884 
17-8775 


18.147 
18.4111 
18,6646 


18.9082 
119.1425 
19.3678] 
19.5844 


19.7927 


19.9930 


20.1856 
20.3707 
20.5488 
20.7200 
20,8846 
21.0429 


21.1951 


21.3414 


521.4821 


Value. 


22. 10 
22.2198 
22.3267 


22.7148 


22.9685 


23.0465 6 
23.1218 
23.1940 
23.2635 

23.3 302 
| 23+3945 


23.4502 
957727 


23.6276 


21.6714 ' 
21.7475 
21.872 


27.7865 


22.4295 
22. 5284 


24.0728 
22.6234 


24.108 


| 22.8027 
22.8872 


124.2379 
24.2672 


624.4209 


23-5156] 97124-4431] 


— 


Ty. 
23-7310 
23.77 4 
23.8208 3 
23.8720 
23.9153 
23-9571] 
23.9972 
24.0357 


24.1428 
24-1757] 
24.2074 


22954 
24.3480 
24.3736 
24-3977 


24-4046 
24-4851]. 
24-9049? } 


| 23.6804 | 1c 


TABLE 


 efimates at 3 per Cent, N 


TapLBy I. 


The profit Falue of an ae of wit 
. Paun, to continue ſo long as & Life of 
a gives ne 45 in being, Intereſt Oy | 


—ͤ——— 2 
* 


. 1 2 _- 
8 Value. 1's | Value. 4 Value. | 
_ } os — — n hpde — 
1 15.05 [26] 17.3510 12.26 [76 
2] 16.62 |27 15 ; 152] 12,00 
3 17.83 281 531 11.73 
4] 18.45 29 16. 58 54 11.46 
5 18.90 [36 16.80 55 118 
6] 19-33 [31] 16.62 56 10% 
7] 19460 32 1 44 571, 
| 19974 33] 1 vs 158] 10-32 
A 19:87 134] 20.09 159) 10001; 
10] 19.87 [35 16.86 60] 9.73 
11] 19.74 36 15.67 [61] 9.42 
12] 19.60 [37] 15.46 62] gan. 
13] 19-47 38 5.2663 8.79 
114] 19-33 39 15-05 [64] 8.4 ; 
[15] 19.19 Fed 14.84 55 8.13 
[16] 19-05 41 14.63 166] 7,79 
1718.90 [42] 14-41 [67] 7:45 
18] 18.76 143] 14-19 68 7.10 
19] 18.61 [44] 13.96 [6g] 6.75 
200 18.4645 13.73 [70] 6.38 
210 18.30 46 13-49 [71] 6.01 (| 
22 18.15 [4713.25 72 5.63 
23] 17-99 {8| 13.01 [73] $5.25 1 
124] 17.83 [49] 12. 76 74] 4-85 ; 
251 17:66, s ELL. > LOLFA UW. 2.7 _ 
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1 II. 


The — 2 alue of an Annuity of one 
Pound, to continue ſo long as a Life * 
a given Age is in being, Intereft ay 
3 at 3. * Cent. | 


— 


> > "og 
8 | Value. 1% | Value, 1 Value, 4 Value. 
1] 14.16 26] 16.28 51 11.69 [76] 3-98 
2 15.53 |27|] 16.13 [52 11.45 [77] 3.87 
3] 16.56 28 15.98 [53 11.20 78 3.16 
4] 17. o9 29 15.83 |54] 10.95 [79] 2.74 
5 17-46 [30 15.68 [55 10.69 80 2431 
61 17.82 31 15.53 [56 10.44. [81 1.87 
7] 18.05 [32 15.37 [57] 10.18 [82 1.42 
8] 18.10 [331 15.21 58 91 [83] o. 95 
19 18.2734] 15.05 [59 9-24 84| 0.48 
10 18.27 [35] 14-89 [60] 9.36 [88] 0.00 
11] 18.16 36 14.71 [61] 9.08 |86| o. oo 
12} 18.05 [37] 14.52 .|62] 8.79 N 
13] 17-94 [35] 14:34 [63] 8.40 
144 19.82 39 14.16 [64] 8.19 
15 17.71 40 13.98 [65] 7.88 
16] 17-59 [41] 13-79 66 7.56 
174 17:46 142] 13-59 [67] 7-24 
181 17.33 [431 13.40 [68] 6.91 
| 19 17.21 [44] 13. 20 [69] 6.57 
20] 17,09 [45 [ 12.99 [70] 6.22 | 
'21] 16.90 [46| 12.78 [71] 5.87 
22 16.83 [47] 12. 7 72] 5.51 
23] 16.69 [48 12,36 [73] 5.14 1 
24] 16.50 149] 12-14 [74] 4-77 
261 16.42 |coſ-11.92 (954 4-38 
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[991] Fu, 
1 III. 3 ws 


: The, e 7, alue of an FORAY of one 
| Plan; to continue ſo long as a Life of 

a given Age is in being, Intereſt being 

b ky at ds per Cent. 3 


* 2 
a. WE 
5 * 


* . — 
. 


4 | Value, 3 "Ran, . Value. 8 Value. 


13.30 260 15.19 [5111.13 [76] 3.91 | 
2 14.54 27 5.06 [52] 10.92 177] 3-52 
1 15.43 [28 14.94 [53 10.70 78 3.11 
15.89 29 1481 [54 10.47 [79] 2.70 
16.21 30 14. 68 [5s 10.24 [80] 2.28 
16.50 31] 14.5456 10.71 [81 1.85 
16.64 32] 14.41 [57 9.57 [82] 1.40 
16.29 133] 14-27 [58] 9.22 83% } 
16.88 |34| 14.1259] 9.07 [84] o. 48 
10 16.88 35] 13.98 [60] 971 [85 o. o 
11] 16.79 36 13.82 [61] 8.45 860 0.00 | 
112 16.64 37] 13.07 [62] 8.28 
« 413 16.60 |38] 13.52 3] 8.90 | 1 
14 15:50 39 1336 104] 7.92 | | 


F 8c. - 


©» A 
1 £ 
+ 4 ; 7 - * a 
> ** 
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BE 4 


© 00 DES 


th 
—_ 


151 16.41 401 13-20 [65] 7.63 | 1.2) þ 
- - 416] 16.31 141] 213-02 141-1 
- 4x7] 16,21 [4 12:85; [67] 702 | i 6b 
' [18] 16.10 43 12.6868] 6.71 E 
119 15-99 144k 12.50 69 6.39) 
1200 16.89 [45] 12-32 |7 6.06 | 
121] 15.78 [46 12.13 |71] 5.72 
a 15.67 [47] 11.94 72 5-35 
$23] 15.55 [48] 11.74 [73] 5-02 
of E 15.43 49 11-54 74 4.66 
15.31 [5 11.34 [281 4.29 


— Beſides 


Beſides the uſe of the Grſ FOR «* 
theſe Tables, as expreſſed by their titles, 15 1 
they ſerve likewiſe os robe che quiet 


" ahl en ales — nc? 
| payable 7 years hence, at 3; per Cent. 
From the preſent value of àn Annuity 
of 17. certain for 7 years, which, | in 
Table II. is 6.1145, J ſubtract the * 
value for 6 years, which 3 5-38 | 
and the remainder 7889 is the v be 
of the 7th year's rent, or of 14. payable 
after 7 years; which multiphed by 
1000, gives the anſwer 7850. 18 . 


2. If it be aſked, what wi 4 FA 
Amount of the fene, 8 in years at 4 
per Cent? Having found. 58, 59283 + 


tis __ the amount will be 27 7" 


. If the queſtion i is, bs 1 a 
Jum S will be doubled, tripled, or increaſed, | 
in any given Ratio at 3, 32, &c. per 
Cent. I take in the proper Table two 
contiguous numbers, whoſe difference is 
_ neareſt 


as 2, % Kc. And the — n. 
hy her ey” er is the Aae . 


and 16.4456 3: whoſe N. 060 
that in for Years, A um Tax ie be a lirele 
leſsthan doubled, at 3 for Go. com> | 


436and 37 ce e823 und 9971672; 
_ the difference whereof beit 

neatly , ſbewe char n 14 e 
it will be almoſt tripled. - NIS Hs 
If more exactneſs is relquired, tak 
the adjoining difference, whole error is 
contrary to that of the difference 
found; and thenee comp pute the pro- 
portional part to be added or er ſuberactd, 
Thus in the laſt of theſe ons s, th 

difference between the | V at 
38 is 3452 Which cate of 
+3333 (S as che other difference 
3349 exccedediv by 0 16. Phe 38th 
ear is therefore to be divided in the 
Ratio of 16 to 81; that is 3 of a 


9 year, 


year, or 40 8 FT months 0 bea 
to the 37: years. © 


3 . 
10 : 1. 7 f 4.5% 


5 * x F 4 ' 8 
3 * 
K * 


4 


"x 


a 4 "A 4 4 * 


RE Th fnd 3 Rap of Bardi 1 
ought 10 lay out a ſum 8, /% as 1 
increaſe; fon Inſtance,: or become + 8 in 
7 gears. Here the fraction I am to look 
for among the differences i is 3, or the des 
cimal .75; which is not to he found in 
Tab. I. or II. till after the limited time 
of 7 years. But, in 76. III. the num 
bers a gainſt 6 and 7 years give the dif- 
EO 275993: and ee is + _ 


Cent. Gs eee STORMS 4H *x 
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&o far Mr. Dr Morvas e on ; this Sali. 

In queſtions 3 the Values 
Lives any how combined, recourſe muſt 
be had to Mr. De Maiurès laſt Editian 
of his T reatiſe on Annuit ie. 
2. The four following Tables, and the 
Remarks. on them, are: alſo copied from 
Mr. Dz:Moryxy's Botkoon: rhe Oat 
of Chances. 3 1 A] 1 


The. Probabilities of Huilian Lf _ 
— to . e Authors. 8 8 
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TABLE 


- - — 4 
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ane. 1. 


1 


hy Mr. . 
-J _ Age. Ling — ] Ling ”: 
2 | m8; 26 760 81 | 495 
11408 | 2721747 J 475 
3 jide 2&9 | 735 } $3 472 
+ | 993 | 29 | 723 | 54 | 48 
N ch 446 
| 9w7| 3 50 | 434 
: 930 {| 32 | 687 57 | 41 
n 

| | v95 | 
10 ws | 35. 558 bo | 38s 
11 =] 36 | 645 | 1 | 30 
12 78 1825 | O02 | 350 
r3 870 |. 1 bas | 03 | 343 
i4 | 863 } 39 | 65 | 64 | 229 
1 = | 4. 608 88 315 
L 9 | 41] 596 | 65 | 3or 
17 | 842 | 42 | 58 67 | 387 
18 828 43 | 57 68 ] 273 
19 8 1 4 56g 6g 259 
20 | 817 | 45 | 560 | 70 | 245 
21 3 898 | 46 | 550 | 721 ] 231 
2 % „„ 
23 j & | 53 13 | 
24 | 783 | 49] 518 | 74 | 189 
— EE 55 | 
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, | 235 a | F 4 ” 4 
% | : | * 
Tizus III. 
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6.14% * a ; ; 4 | . . 
- 4 3 R ; * - i 8 4 : 
* 3 % G 0 > 4 8 4 4 U Cie. 4 * 
2 : p * a q ; ; 
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1 ry 7 8 a f 
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J Age. LI. 


— | 
Living. 
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— ABLE IV. 
By Meſſrs. Smart and Simpſon. 


— ä — — — — — a * 
age. Living. Age.“ ige. 2 t $6008 | 
2 | 700 18474/34349 50 204 66 | 93 Þ 

i| 3 | 635 | 19 | 468] 35 [340 | $1-51961;67 87 

| '4 | 600 2046236331 52188 68 | 81 f, 

| $5 | 580 | 21 | 455| 37 322 53180 69 75 |; 

'| © i 564 | 22 44838313 54172670 69 

| 7 | 552 | 23 |441] 39 [304| 55 165 71 | 64 | 

| 8 |} 541 24434/40294 5615872 59. | 

| 9 | 532 | 25 42004 28457 [151] 73 | 54 |} 

j 10 | 524 2648 42 2745814474 40 
11517 | 27 410 43 26459 13775 45 
12 | 510 | 28402 44 255 60 130 76 41 
13 504. | 29 394 45 246 or 123] 77 38 
14 | 498 30385/46237 621177835 
46 37647 22863 111% 32 
16 | 480 | 12 367148 220 64 log] 80 29 


Remarks on theſe four Tables of the Pro- 
babilities of Human Life. 


The firſt Table is that of Dr. Halley, . 
compoſed from the Bills of Mortality of 

the city of Breſſaw; the beſt, perhaps, 
as well as the firſt of its kind: and 
which will always do honour to the 
ai [+ 3 judgment 


, 290% 0 * 


e A . 5 F hs 
"I 9 8 2 oy 190 Dy its excellent, 


ide: ee e eee 
. the e Annuitante, | 


mord:thhv/a a century [hack vard. nd : 
ane de ee by a like uſe of, 
the lifts of the French Tontines, or long 
Aumitii ties, tis furniſhed us Table III; 
whoſe numbers were likewiſe verified 
Ni Fa the Mecrolog ies or. mortuary :Rer; | 
— of ſeveral go houſes of beck | 
a0 theſe id 1 a Tableof Meſlieuts 
Smart and Simpſon adapted pat ticularly. 
to che N of London; prog inhabj: 
| reaſons too well known, arè 
ſhorter se than the reſt of mankind; 
Each of theſe: Tables may have its 
rarticailar uſe: the ſecond pare very in 
valuing the better fort of lives, upon 
which one would chooſe to hold an 
Annuity; the French may ſerve for 
London, or for lives ſuch as thoſe of its 
inhabitants may be ſuppoſed to be: 
is 2 . while 


nature. And dom E 
lives, two. or more of the Tables * 172 

perhaps be uſefully emplo INS > 
- Beſides theſe, the celebrated Monfieur: | 
Je Buffon * | has lately given us a new 
Table, from the actual obſervations. of: 
| Monſieur du Pre: de St Maur of the 
French Academy. This Gentleman, in 
order to ſtrike a juſt mean, takes three 

populous pariſhes in the city of Paris : 
and ſo many country villages as furniſh 
him nearly an equal number of lives: 
and his care and accuracy in that pers 
formance has been ſuch as to merit the 
high approbation of the learned editor. 
It was therefore propoſed to add this 
Table to the reſt ; after having cleared 
its numbers of the inequalities that ne- 
ceſſarily happen in fortuitous things, as 
well as thoſe ariſing from the careleſs 
manner in which Aves are given to the 
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lirror is 3 feet 11 M in 
diameter, and its focal diſta feet 


tin, 


ferent bodies held in its 93 were as 
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. wy 
* bak fed fuel 2121 25 in 7 ſeconds. my 
Copper ote vie is J eat. 75 


ron gre "melted in 24 ſeconds, 8 2 y 3 it, 5 * 85 N A i 

ob tooth of a fiſh meked 5 n 3 5444 
. Wk atten was» ie cal n 28 e ws bor BL 
ng George's balfpenny melted 1 in 16 ſeconds. 5 78 A 


7. 25 all b in 6 7 Vat 
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A diamond noightag 4 you loft 4 parts of . weight. 


The ſolar beats are ente 1 1 760 
times in the focus of this mirror (the 
conden fation in the focus. being as the 
area of the mirror is to the area of i = 
focus) and their heat, in the focus, is f 


433 times as great as the heat of com- 
mon fire. | 
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The proportional breadth of 5 W ; 
in the Rain-bow, ſuppoſing the whole 
breadth thereof to be — into 36: 60 


equal parts. 


FA 


The red, 45 parts; the orange, 273 
the yellow, 48 ; the green, 60; the 
blue, 60; the indigo, 405 gall the 
violet, 80. | 

If the flat upper furface FP at top be 
divided into 360 equal parts, all bes. 

its 


155 8 and be divided Ines fit N 
Ho niany-portions' ded by or Circ 
1 ve pro rtiotis;: ahd- Icke fe. 
 ſpetiive - cls N ry be lively Painted in 
theſe. ſpaces, but ſo as the edge of euch 
2 may be made nearly like ho 
colour next adjoining, that the 1 
tion may not be well diſtingi 1 5 
eye; 5 the top be . to aug all 
theſe colours together will 3 | 
And if a large round b N 
painted in the middle, ſo e as there may 
be only a broad flat ring of colours 
around it; : the * will ſuceced i 
the better. ü vp 
© Red i is the. leaſt refrangible of. all ox 1 
ours, orange. the next leaſt, Hella the 
_ green the next, Blue the next, in- 


Fl the next, and violet the ſe of 


Mr. Edward Delaval, P. R. 8. hou 
found, by experiments on melting dif- 
ferent, metals with pure glaſs, that they 
colour the glaſs according to their differ- 
ent denſities or ſpecific gravities; the 


maſt denſe giving a red colour to the 
Mn - olaſs, 


glaſs, and che kaſt a ue or a 27 
Thus, gold melted: with glaſs makes it 
red ; ws þ melted with laſs, gives it 
an orange colour; filver a yellow ; 3 
copper a green; 2. iron a blue. 992 
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Colours Wahres by the mixture of ca- = 
 bourleſs fluids. 


Spirit of wine mixed with ſpirit of vitriol make a ng 
Solution of mercury mixed with oil of tartar, orange. 

Solution of ſublimate and lime - water, yellow. 

Tincture of roſes and oil of tartar, green. | 

Solution of copper and ſpirit of ſal-armoniac, purple, 

Tincture of roſes and ſpirit of wine, blue. 

Solution of ſublimate and ſpirit of ſal-armoniac, de. 

_—_— of ſugar of lead and bn of vitriol, * 


| 1 


17 N ſr 
* 


4 


> # 


coloured Juide, - 


Tincture of ſaffron, which is yellow, 
mixed with tincture of red roſes, make 
a green. | 

Tincture of violets, which is blue, 
and ſpirit of ſulphur, which is brown, 
make a crimſon, 


Colours PINE by the mixture of 5 


. „ 


Tincture 


| iſh; make a blue, 


Tincture of lol which is Au 
and ſolution of Hungarian er which : 


is blue, make a purple. 
Tincture of violets, wick z 1s bb ue, 
and ſolution of c copper, which i is green, 
make a violet. 


Tincture of cyanus (blue-bottle "OY | 
et) which is blue, and ſpirit of ſal ar- 


moniac coloured blue, 5 a green. 
 _ Solution of Hungarian vitriol, which 


is blue, and lixivium, which/i is Wwe, ; 


make a yell, _ 


Solution of Hungarian vitriol, TP 
is blue, and tincture of red roſes, make 4 


: a black. 


Tincture of cyanus, which is blue, 
and volution of copper, which i is geen» 


make a red. 


N olours 8 and Pe nn ag 


Solution of copper, which is gy een, 
by ſpirit of nitre is made colourleſs; 


and i is again reſtored by oil of tartar. 
1 Limpid 


5 — wi red vos; which is rad, . 
and n of hartſhorn A is n £ 


A | WC 2 . ns 
r ˙— ett ther ine 427 es ey I 7 


4 Spare a Aa: 
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Limpidabfuft nf galls is made's 
6 a ſolution of ;vittiel} auf wahr me 
again by oil of vitriol; a then Hacki 
again by oil offtartu. PP 

> Tiacure of red — is 3 black 
by a ſolution of vitriol, and becomes. * 
again by oil of tartart.. 

A flight; tincture of red roſes, by 
ſpirit IR vitriol becomes a fine red; then, 
by ſpirit! of ſal armomiae turns green; 
and dene by oil of vitriol becomes ae, 8 
again. 6 9SES: 44 Wu 

Solution of dnt which is 
green by ſpirit of vitriol becomes co 
lourleſs; 3 by ſpirit of ſal armoniac 
bobsiches Purple; and then, by 2a of 
vitriol- — colourleſs again. 1 
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Wy E 7 . 


The quantity of b and of Water: on 
( the Earth' In 4.5 


1 


* 


FT oy = P 2 A 


The ſeas and whos parts. 0 he 


Earth (by a meaſurement of the beſt 


maps) contain -160,522,026. ſquare 

miles; the inhabited parts 38,990; 569: 

Europe: ,b. 5; Af, 10,768,823 
„ . Africa, 


2 e all, 925595 3 
which i 18 the No als 149 uare re miles n 


: dachi abe! A 
15 


Hon 2 9 21 80 18 8 1100 arly rr 


6 Mea oiche aobole Armen. br 


201 f 10 3093x5 Hd gt. eceaup 


Om ſquare inch, iti ad onde 10 
oh quate oo 2160; on .oni;a; ſquare 
yard, 19, 440 ;. on. x-olqu quarei mile, 
60,217,344,000; anad on the whole 
ſurface of the Farth, and Sea | together, 
x 2,014,118$6544.7;686;080Þ ounds. 

The ſurface of the body of a "middle 
ſisod inan is about 14 ſquare feet; at 
2255 weight or preſſure of che Witti els 
2 EF 1 nds on woot! ſquare” 
ſown or ) 


in all matger of kg pre 


on the 0 whole: body of x et 


2mm air 10 — ee TRISIG e 
preſſure of the e, the preſſure is is . 
not felt. 3150 | 
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The greateſt diſtance of the 3 
in the horizon at ſea is 94 miles from 
the obſerver, all around; and conſe- 
quently, the whole extent or diameter 
of the horizon, reaching to the clouds, 
is 188 miles; and the eircumference 
thereof i is 590.97 miles. « Oe 


# » & 4 6 


bh 


. aan 1 Light. 


1 * "ally oak by the eclit pſes 
of Ju piter's Satellites, that light — 
8. minutes of time to come from the 
Sun to the Earth. And as the Earth's | 
diſtance from the Sun is 95,000,000. 
miles in round. numbers, tis plain that 
the velocity of light is 11,875,000 miles 
in a minute, and conſequently 197,916 
miles in a ſecond; which is 1, 486, 458 
times as ſwift as the motion of a cannon. 
ball, and 10,440 times as ſwift as the 
Earth moves in its annual orbit. | 

- The 


e 


: Ealhy, Mr. Fl . 
ed, and Mr. Ber bam, Gi nd. moves 


n 
F 


Hence we may know ws far a if jun- 


. PE cloud is from us, if we have a watch 
that ſhews ſeconds. Thus, fuppoſe | 
there were four ſeconds from the mo- 
ment we ſee the flaſh of lightning to the 
moment we hear the clap of zhunder, 


tis plain that the cloud which produced 


the thunder is four times 114-2 feet, or 
4568 feet from us; which ba about 


four-fifths of a mile, 


— 
1 1 
. SR. 


The cauſe of abe ebbing and 1 . 


the ſea at the ſame time on e 
6 4 the glove. 


The reaſon why the tides ni e on the 


bS a * 


ſide of the Earth which is at any time 
turned towards the Moon, is plain to 
every one; becauſe her attraction muſt 


occaſion 


1142 feet in a ſecond of time, 68,520 
feet in a minute, and rr 988 miles 
| in un non, 
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ca wy a be 
occaſion 2 ſwelling of PER waters to. F 
ward her on that ſide: but” the cauſes | 
of as great a ſwell, at the fame time, 
on the oppclite | fide of the Earth, which 
is then turned away from, the, Moon, 
has betri very hard to account for; be- 
cauſe the riſing of the tide there is in a 
direction quite. contrary to the attraction 
of the Moon. But this difficulty 18 
immediately removed, when we con- 
fider, that all bodies moving in circles 
have a centrifugal force, or conſtant 
tendency to fly off from the centers .of 
the circles they deſcribe; and this cen- 
trifugal force 1s always in proportion to 
the diſtance of the body from the center 
*of its orbit, and the e üg wih which 
it moves ein. * 
When the body is large, the ſide ef 
it which is fartheſt from the center of 
its orbit will have a greater degree of 
centrifugal force than the center of 
the body has; and the fide of it which 
5 1s. . the center of its orbit will have 
a less degree of centrifugal force than 


its center — 1 i 
As 


ey Mente in cr orbie, the Farth allo 

goes round an orbit every month, which 

i as much leſs than the Moon's orbit, £ 
as the quantity of matter in the Moon 

is leſs than the quantity of matter in 
the Earth, which is 40 times. For, by 

the laws of nature, when a ſmall body 
moves round a great one, in free and 
open ſpace, both theſe bodies muſt 

— round the common center of gra- 

vity between them. 

The Moon's mean diſtance: om the 
Earth's center is 240,000 Engliſh miles: 
divide therefore this diſtance by 40, the 

difference between the quantity of matter 

in the Earth and Moon; and the quo- 
tient will be 6000 miles, which is the 
diſtance of the common center of gra 
vity (between the Earth and M o0n) 
from the center of the Earth. 
Now, as the Earth and Moon move 


round the common center of gravity 
between them, once every month; tis 
plain, that whilſt the Moon moves ound 
her orbit, at 240,000 miles from the 
8 = Earth's 


A 341 


"22 Earth” s center,. the center 4 the Earth: 
deſcribes a circle of 6ooo miles W 
round the center of gravity between the 


Earth and the Moon; the Moon's at- 


traction balancing the centrifugal force 
of the Earth at its center. 


T he diameter of the Earth i is "Race 


LYLE * 


miles, in round numbers, and conſe- 


quently its ſemidiameter is 4000: ſo 


that the ſide of the Earth, which is at 


any time turned toward the Moon, is 
4000 miles nearer the common center 
of gravity between the Farth and Moon 


than the Earth's center is; and the ſide 


of the Earth, which is then fartheſt from 
the Moon, is 4000 miles farther from 
the center of gravity between the Earth 
and Moon than the Earth's center is at 


that time. 
Therefore, the radius x the pe 


deſcribed by the parts of the Earth 


which come about toward the Moon, 


by the Earth's diurnal motion, is 2000 
miles; the radius of the circle deſcribed 
by the Earth's center is 6000 ; and the 


radius of the circle deſcribed by. thoſe 
| b 


e Earth e in reye deing 


1 7 pet 
6 


1s 10, 000 miles. 


E its axis, are furtheſt from the Moot,” ; 


5 2 


The centrifugal 1 f ices 6f the diser wt 


ent parts of the Earth being directly as 
their diſtances from the abovementioned 
common center of gravity, round which 
both the Earth and Moon move, theſe 


forces may be expreſſed by 2000 for 


the ſide of the Earth neareſt the Moon, 1 
by 6000 fbr the Earth's center, and bß 


10,000 for the {ide of the Earth which i 


is fartheſt from the Moon. 
But the Moon's attraction i is apeateſt 


on the fide of the Earth next her, 


where the centrifugal force or tendency . 


to fly off from the common center of 


gravity (and conſequently, from the 
Moon) is leaſt; and therefore, the tides 


muſt riſe on the ſide of the Earth which j 


is neareſt the Moon, by the exceſs al, 
the Moon's attraction. 1 

As her attraction balances the canis 
trifugal force at the Earth's center, 'tis 
wlain that the centrifugal force-of the 


: fide of the Earth which is fartheſt from | 
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che Moon is greater than her atractien z 
and therefore, the tides will riſe as high , 


upon that fide from the Moon, by the 
excels of the centrifugal force, as they 

riſe on the fide next her by the exceſs of 
her attraction. And as the Earth is 


1n conſtant motion on its axis, fo as that. 


any given meridian revolves ' from the 
Moon to the Moon again in 24 hours, 


5-: minutes, each place will come to 


the two eminences of water, under and 


oppolite to the Moon, in 24 hours, 50 
minutes, or have two tides of flood and 


two of ebb in that time, For, as much 


as the waters riſe above the common 


level of the ſurface of the ſea, under 


and oppoſite to the Moon, ſo much 
they muſt fall below that level half way 
between the higheſt places; or at 90 
degrees from them. 

On theſe principles, it is equally hy 
to account for the riſing of the tides, 


at the ſame time, on both ſides of the 


Earth : and this riſing is made evident 
to ſight in my Lecture on the central 
forces; and the principles on which it 


depends 
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4 are di 6 hat to the dt. 
ſtandings of all the obſervers. WE 


Surpriſes roperties of numbers, placed 
. Squares. and circles. 
"IF have ſeen ſeveral different kinds af 
(what i is generally called), magic ſquares;; 
on have lately got a magic ſquare of, 
ſquares and a magic circle of circles off ] 
a very extraordinary kind, from Dr. 2 | 
Benjamin Faanxilin of Philadelphia, | 
with his leave to publiſh them. The: 
magic ſquare goes 2 beyond any thing 
of the kind I ever ſaw before; and the 
magic circle (which is the firſt of the 5 
kind I ever heard of, or perhaps any one 
beſides) is ſtill more ſurpriſing. What 
the Doctor's rules are, for diſpoſing of 
the different numbers ſo, as that they 
| ſhall have the following properties, 1 
know nothing of: and perhaps the rea- 
ſon may be, that I have not ventured 
to aſk him; although I never law a 
more communicative man in my life. 
The plates of theſe are at the end. of 
the book. 55 
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A magie ſquare of, . 


The great ſquare i is divided into 2 wY 
ſmall ſquares, in which all the numbers 
from 1 to 256 are placed, a 
columns, which may be taken either 
horizontally or vertically. The proper- 


ties are as follows: ” 
1. The ſum of the en numbers ” 


in W 2 column, vertical and horizontal, 


18 20 56. 


2. Every half column, vertical and 
horizontal, makes 1928, or half of 
$686, TE 42 
23. Halfa en Renting, added 


to half a diagonal deſcending, makes 


2056; taking theſe half diagonals 
from the ends f any fide of the ſquare 
to the middle ele and ſo reckon- 
ing them either upward, or downward; 


5 or ſidewiſe from leſt to right hand, or 
from right to leſt. 


4. The ſame with all the parallels 


to the half diagonals, as many as ean be 
4 os a 


3 in 1 W Caen 6-4 Sn two 
of them being directed upward' and 


downward, Gon where they begin to 
where they end, their ſums will make 
2056. The ſame downward and up- 
ward ſein where they begin to where 
they end; or all the ſame if taken fide- 
ways to the middle, and back to the 
| ſame fide again. 

M. B. One ſet of theſe half diagonals. 
and their parallels, / is drawn in the 
ſquare upward and downward. Ano- 
115 he ſuch ſet may be drawn from IP 
of the other three ſides. 5 
5 The four corner numbers in the 
great ſquare added to the four central 
numbers therein, make 1028; equal to 
the half ſum of any vertical or  horizdn- 
tal column, which contains 16 numbers; 
and equal to half a 3 or its F 1 
| rallel. | 


6. If a ſq 1 hole 8 in brabth 


to four of the little ſquares) be cut in a 


paper, through which any of the fixteen 
little ſquares in the great ſquare may 
be 1255 ad the * be laid on the 


TT | | „5 great 


great | Hier * ws of all as * 1 1 
numbers, ſeen through the hole, is equal 1 


to the ſum of the faxteen numbers in 
any horizontal or vertical column, vi. 
0 2055, 


Praru II. 


A magic circle of grell. 


vided into eight concentrie circular 


ſpaces,, and: ranged. in eight radii of 
numbers, with the number 12 in the 


center; which number, like the center, 


is common to all: theſe circular ſpaces; 


and to all the radii. 


The numbers are ſo — that che 


| ſum of all thoſe in either of the con- 
centric circular ſpaces above - mentioned, 
together with the central number 12, 
make 3603 equal to the number of 


degrees in a circle. 


The numbers in each tins alſo, * 
gether with the central number 12, 


make juſt 360. 515 
11 


This circle is compoſed of a ſeries of 
numbers, from 1 2 to 75 incluſive; di- a 0 


fd © 


10 

ble horizontal inks 

160, A. os number! of degree 

ina 227 
If any our eig numbers b 
taken, as if in a ſquare, 1 in the radial 
diviſions of theſe circular ſpaces; the 

ſum of uo with half the central num- 
ber, make 180. 8 . 
ſets of other circular ſpaces, bounded by 
circles which are excentric with reſpect 
to the common center; each of tbeſe 
ſets containing five ſpaces. The centers 
of the ths which. bound them are 
at A, B, C, and D. The ſet whoſe 
center is at A is bounded by dotted 
lines; the ſet whoſe center is at C is 
bounded: by lines of ſhort' unconnected 
ſtrokes; and the ſet round Di is bounded 
by lines of unconnected longer ſtrokes, 
to diſtinguiſh | them from one another. 


In 2 g this figure by hand, the ſet 
of concentric | circles ſhould be drawn 


with 


. 


.*. 


An wp green „1 
them readily from one/anot = 
Theſe ſets of excentric circular ſpaces | | 
interſe& thoſe of tlie concentric, and | 
each other: and yet, the numbers con⸗ 9 
tained in each of the excentric ſpaces 
taken all around through any of the 20, 
which are excentric, make the ſame ; 
ſum as thoſe in the concentric; namely 
300, when the central number 12 is 
added Their halves alſo, taken above 
or below the double horizontal line, with 

half the central number, make 180. 
Obſerye, that there is not one of the 
numbers but what belongs at leaſt to 
two of the circular ſpaces; ſome to 
three, ſome to four, ſome to five : and 
yet they are all ſo placed, as never to 
break the required number 360, in any 
of the 28 circular ſpaces within the 
primitive circle. 7 ON 
To bring theſe matters in view, 1 
have taken out all the numbers as 
aboyes 


. apdhave plackdrheni | 
3: Grtarate.. | Jumns, - as. {34 ſtand 


e eren and excen- 


„always beginning 


out termot, and Facing with 


tand ir the eight 
Na circu mference to the 


center TY the common central. number 


I2 being oy the loweſt in each 
column. Vd; 


| 2 eight concentric 383 ſpacer, N 
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read on the machinery to which! they 
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4 
{ook oat 


| lever, the wheel, an 
axle, the pullics, the inclined Plane, the 


wedge, and the ſcrew. 

A compound engine in tdi all 
theſe ſimple machines work together, 

A working model of the great crane 
at Briſtol, which is reckoned to be the 
beſt crane in Europe. | 

A working model of a crane that 


has four different powers, to be adapted 
to the different weights intended to be 
raiſed : invented by Mr. Ferguſon. 
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Models of wheel-carriages; ſome with 
. wheels, others with narrow; 
ſome with large wheels, and others with, 
ſmall: for proving experimentally whic L 
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and ſhewing that the frietion is not in 
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A model of a moſt curious fi k-rec „ 
invented by Mr. V. errier near ri rington 
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A large working model of a water- 2, 
mill for ſawing timber. pl Es 

A model of a hand-mill for grinding 
corn. 5 . 


A model of a water- mill, for win- 
nowing and prinding corn, drawing up 
the ſacks, and boulting the flour. 

A machine for demonſtrating that 
the power of the wind, on 8755 mill 


- fails, is as the {quare of the velocity of 2: 
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of A 8 = * that fluids 
2 weigh as much in their own elements | 


as, they do in air. 
A machine for ſhewing that, on 


equal bottoms, the preſſure of fluids is 


in proportion. to their perpendicular 
heights ; let their ie be ever ſo 
great or ever ſo ſmall. | 
Machines for ſhewing that Auids prof 
equally in all manner of directions. 
A machine forſhewing how an ounce. 
of water in a tube may be made to raiſe 
and ſupport! ſixteen pounds weight of 
a 
A machine for ſhewing, that, at equal 
heights, the ſmalleſt quantity of water 
whatever will balance the greateſt quan- 
tity whatever, if the columns join at 
bottom. 
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the lighteſt wood to fink in water. 
Machines for ſhewing and 3 5 
ſtrating the hydroſtatical paradox. _ 
A machine for demonſtrating that 
the weight of the quantity of water 
diſplaced by a ſhip is equal to the whole 
weight of the ſhip and cargo. ” 
Machines for ſhewing the working 5 
of ſyphons, and the Tantalus's cup. | 
A large machine for ſhewing the 
cauſe and explaining the phenomena of 
1 ebbing and flowing wells, and of inter- 
mitting and reciprocating ſprings. 
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Machines for ſhewing that when 
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_ demonſtrating the laws by Which the 
planets move, and are retained in their 
orbits: that the Sun and all the hw 
move round their common center of 
gravity: that the Earth and Moon move 
round their common center of gravity 

once every month: that the Fark 
moves round the Sun, in common with 
the reſt of the planets, and turns round 
its own axis : that the power of gravity: 
diminiſhes in proportion as the ſquare 
of the diſtance from the attracting bod 7 
increaſes : that a double velocity in any 

orbit would require a quadruple power 

of 1 to retain the body in that 

orbit: that the ſquares of the periodi- 
cal times in which the planets move 
round the Sun are in proportion to the 
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| "Ro dnt upon Sir 1 Knits. 
2 Principles, and made eaſy to thoſe who have 
not ſtudied Mathematics. To which is added, 
the method of finding the Planets from the Sun, 
by the Tranfit of 2 — over the Sun's Diſc in the 

| year 1761. Theſe Diſtances deduced from that 
Tranſit; and an Account. of Mr. Horroy's Obſer- 

- vations of the Tranſit in the Year 1639: Illuſ- 
trated with 18 * A New Edition, 
-. v0, 95. © * 1 5 


II. An Eaſy Introduction to Aſtronomy, flor | 
young Gentlemen and Ladies: — the 
Fi igure, Motions, and Dimenſions of the ng he 


the different Seaſons; Gravity and Light; : the 
Solar Syſtem; the Tranfit of Venus, and its Uſe. 


in Aſtronomy; the Moon's Motion and Phaſes; 


the Eclipſes of the Sun and Moon; the Cauſe of 
the Ebbing and Flowing of the Sea, &c. . 


Edition, Price 5 5. 


IH. An Introduction to Electricity, in Six Sec- 
tions. 1. Of Electricity in general. 2. Deſcrip- 
tion of the Electrical Machine. 3. A Deſcription _ 

of the Apparatus (belonging to the Machine) for 
making Electrical Experiments, 4. How to know 
if the Machine be in good Order for performing 
the Experiment, and how to put it in Order if it 
be not. 5. How to make the Electrical Experi- 
ments, and to preſerve Buildings from Damage by 
Lightening. 6. Medical Eleftricity, Illuſtrated 


with Copper-plates, 4s. 


Il. Lectures on Select Subjects in vieh 
Hydroſtatics, Pneumatics, and Optics; with the 
Uſe of the Globes, the Art of Dialling, and the 
Calculation of the mean Times of New and F ull 


ag Hons and Eclipſes, 76. 64. „„ 3 


$ 6% * «4 : 
2 e * Ne — 5 
2 5 + — * 
i N OT Rr 
N 9 9 — G ns Re” es 
8388 : * , 4 
EYES Be” 3 - 4 


IJ N 1206) NN ; 
FFT ² HOT YUAN ro 


* 7 pu ds & 
e 


$3; 


